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INTRODUCTION

Soybean by-products have be�n.used for anirnaJ. feed protein exten
sively in the past years .
for pouJ. try. diets.

Soybean meal has become a major protein source

Being a plant source of· protein soybeans potentially

could provide protein for animals in almost unlimited ·quantities .

How

ever, there are certain problems encountered in the feeding of soybean
products to pouJ.try .

The research for this paper deals with the use of

soybean protein in the diets of turkey pouJ.ts.
Isolated soy protein which is commonly used for purified diet studies
contains factor (s) which cause reduced growth and a rachitic-like condi
tion of turkey pouJ.ts .

Soybean meaJ. as commercially available produces

normal growth and essentially no rickets • . This study was conducted to
determine the nature of the unknown factor (s) in soybean protein and their
effects when fed to turkey poults .

Due to species similarity considerable

review is made of work conducted using chicks and rats.
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LITERATURE REVIEW
Evidence for Unidentified Factors·
Hill (1948) observed that growth response of chicks to �he addition
.

.

of dried whey varied with the san:rple of soybean meal being used in the
basal diet.

From these observations he deducted that soybean oil meal

as commercially available is a source of an unidentified nutrient. · ./
-Savage

tl

al. (1950) found that chicks grew as well on soybean meal

protein as on casein plus a residue of liver.

This indicated that soy

bean meal contained some unidentified nutrient or.growth factor.
About the same time Hill and Briggs (1950) found that chicks fed a
purified diet consisting_�f glucose, soybean oil, purified soy protein,
zein, methionine, _minerals and adequa�e amounts of all lmown vitamins
appeared normal but did not grow at a maximum· rate • Supplementing the
diet with 10-25% soybean oil meal gave a growth response which indicated
the presence of an unidentified growth factor.
Later Westerfeld and Hermans (1962) used a casein-gelatin diet with
added methionine and fish solubles as a basal diet for detecting the soy
bean growth factor .

Growth stimulation produced by using 20% isolated

soy protein could not be duplicated-by any combination of amino·acid
..

additions or by a mixture of amino acids in a 20% soy protein diet .

Egg

yolk, lactalbumin, and liver residue were also good sources of the soy
factor.

Dam

tl

al . (1959) had also found that chicks on a purified diet

containing soybean protein and all known vitamins in adequate quantities
had a growth response from soybean protein which was app.arently from a
· _factor organic in nature .

3
�sterfeld

tl &•

(1962) also found that 35 percent total dietary soy

protein supplemented with methionine and glycine supported maximal growth
for both chicks and pqults when the diet also contained fish solubles .

In

the absence of fish solubles the soy protein diet allowed only 80-85 .per
cent maximal growth. This would indicate so'y protein was lacking in some
factor or nutrient which could be provided in the fish solubles .
Soybean protein does not always exhibit growth promoting factors .
Liener (1953) prepared a toxic product from raw defatted soybean flour
which he called "soyin" .

When soyin was added (1%) to rat diets, growth

·was ·inhibited 26% using isolated soy protein as basal protein. He attrib
uted the reduced gains to a lack of quantity of food consumed. Leiner

estimated that half the growth depressing effect of raw soybean meal was
due to the soyin content
and the remainde� to an effect which
-

can

be coun-

teracted by crude trypsin .
Osborne and Mendel (1917) had also found that rats made poor growth
on raw soybean meal due to their failure to consume raw meal_as readily as
heated meal. Borchers (1958) found that rats fed a diet with 40% raw soy-·
..

bean oil meal gained well when the diet was supplemented with methionine
or antibiotics .

He felt that raw soybean meal rather than containing a

toxic substance, had reduced availability of or increased the requirement
for c�rtain amino acids�
More recently, Carlson et §1 . (1964a) found that turkey poults fed
isolated soybean protein or raw soybean meal showed depressed growth and
The rachitogenic effect.,was e:xpressed by
a low bone ash indicating calcification problems.
developed a rachitic condition .

Total bone ash refers to the inorganic portion of bone remaining

4
after ashing by methods of Association of Official Agricultural Chemists·
(A.O.A.C., 1965).
bird is used.
fat-free bone.

Ordinarily in this analysis the'left tibia of the

The ash represents inorganic material from a water and
The view that bone is a stable tissue has c4anged to the

current view of bone being in a state of dynamic equilibrium. The use
of radioisotopes has helped to prove this.

Provided there have been no

recent large changes in the composition of the blood, all bones of the
skeleton may be similar in chemical composition (Taylor et al., 1960).
Alumot and Nitsan (1961), using a raw soybean diet found that
intestinal proteolysis was almost completely inhibited up to the age
of three weeks in chicks.

Hypertrophy of the pancreas developed.

Garlich and Nesheim (1966) showed that unheated soybean meal caused
pancreatic hypert!ophy when fed to chicks.

Also reduced fat absorption

and lowered metabolizable energy of the diet were observed.
Isolated soy protein diets with levels of calcium, phosphorus, and
vitamin D3 higher than the National Research Council (N.R.C., 1966) rec
ommendations, produced poor calcification in chicks, as shown by low bone
ash values (Jensen and Mraz, 1966a).

Supplementation of the chick diets

with heated soybean meal or reducing the level of the isolated soy pro
tein f�om 40% resulted in increased bone ash.

They found that isolated

soy protein interfered with normal absorption of calcium and phosphorus.
Scott et al. (1956) observed that purified diets needed to be sup
plemented with low fiber soybean meal to produce normal hocks and bone
ash in turkey poults.

Later Scott et al. (1962) confirmed that sub

stitution of commercial soybean meal for all or part of the isolated
soy protein improved bone calcification.

5
Carlson et al. (1964b) found that poults on a glucose isol�ted soy
.

.

protein diet could obtain maximal growth only when heated ·soybean meal
was in the diet.

Griffith and Young (1964) also observed that isoni

trogenous substitution of soybea..n meal for isolated soy protein in puri
fied diets for poults caused a growth increase.

A 23% increase in

phosphorus utilization was obtained when soybean meal was included.
These workers showed that soybean meal has a water soluble factor for
growth and an insoluble fraction which improves phosphorus availability.
Nesheim and Garlich (1966) observed that for laying hens the protein
in unheated soybea..n meal was only 54% digestible compared to 85% digest
ible in heated soybean meal. This showed that adult chickens respond
similarily to young chicks on diets containing unheated soybean meal.
The hens did not adapt following a prolonged feeding period so that they
would be able to digest more of the protein from unheated soybean meal.
Wilcox ei al. (1961c) found that several sources of isolated soy
bean protein varied considerably in their effects on poult growth.
Isolated soy protein (C-1) produced significantly larger poults than
Promine R and Number 65- protein. This points out the importance of
source of protein in poult studies.
Mineral a.nd Vitamin Effects
Various factors could influence bone calcification i'n soy protein
diets •. Interrelationships between calcium, phosphorus and vitamin D in
poults were noted as early as 1945.

Fritz et al. (1945) showed that

minerals have a marked influence on calcification in the poult.

Their

work showed that calcium and phosphorus requirements were increased with
low levels of vitamin D 3.

Calcium possessed a growth promoting effect

6
not observed with phosphorus.

H;owever, both calcium and phosphorus _ were

effective in producing improved bone calcification.

Changing the level

of calcium, phosphorus or vitarniri D appeared to change the requirement
of the other two for growth and calcification in studies conducted by
Evans and Brant (1945).

The interrelationship seemed masked at h_igher

phosphorus levels and levels of calciu..m and phosphorus seemed to be more
important than the influence of calciu1n:phosphorus ratio.

Best results

were obtained with one percent phosphorus a.nd two-three percent calcium.
Scott et al. (1956) observed that although calcium, phosphorus and
vitamin D were the only nutrients concerned directly with calcification,
other minerals were interrelated.

Magnesium in the bone is used as an

activator for the enzyme phosphatase.

An excessive level of magnesium

can have detrimental effects.on bone formation which can be overcome
by increasing levels of calcium, phosphorus and manganese.

It also

is quite probable that fluorine has interrelationships with the metab
olism of calcium or phosphorus.
Studies by Summers et al. (1960) indicate that excessive fluorine
will decrease bone ash of chicks at low levels of phosphorus but increase
bone ash at adequate levels of phosphorus.

Inclusion of 6% fat in the

diet caused a significant reduction of bone ash of chicks on a ·phos
phorus deficient diet but did not alter bone ash in a phosphorus
adequate diet.

This would indicate the relative importance of phos

phorus in producing a high level of ·bone ash in this species.
More recently, Jensen and Mra·z (1966b) have shown increasing levels
of calcium and phosphorus to overcome some bone calcification problems
of turkey poults on diets containing isolated soy protein.

7
Chicks fed diets containing 40% isolated soy protein and levels of
calcium, phosphorus, and vitamin D3 higher than N.R. C. recommendations
had reduced bone ash in studies by JenseYl: and Mraz (1966a).

Tibia uptake

of ca45 or p32 was increased by soybean meal supplementation�

Their work

showed more of a response in increasing tibia uptake of ca45 or pJ2 by

increasing vitamin DJ than by soybean meal substitution for isolated soy
protein.

Unheated isolated soy protein apparently does not interfere

with absorption or metabolism of vitamin D3 because chicks previously
fed isolated soy protein absorbed radioactive calcium as weli as similar
chicks previously fed casein-gelatin.

It appears that soybean meal has

two factors (one for growth and the other an antirachitic factor).

Also

according to these studies, it appears that isolated soy protein inter
feres with normal_absorption of calcitrrn or phosphorus or both.
In the work of Carlson et �1-, (1964a) the diets were supposedly
adequate in all known nutrients; however growth and bone calcification
of tur key poults were greatly improved when vitamin D3 was increased
several-fold.

Basal diets, however, did not pennit maximum growth even

when 3520 I.C.U. per kilogram of vitamin D3 were added.

A significant

effect on bone ash was observed when soybean meal was substituted@ a JO%
level, _with lower levels of vitamin D3 (1760 and 880 I. C. U. per· kilo
gram).

These results show that the antirachitic factor does not re

place the need for vitarnin D3 .

Biological and chemical assays showed

that the vitamin DJ supplements were within 15% of their stated potency.
Carlson et al. (1964b) found that rachitogenic effects of isolated
soy protein in turkey diets could be largely overcome by an eight�fold
increase in vitamin D3 or by autoclaving the isolated soy.

The growth-

8
depressing rachitogenic effects of raw soybean meal could be partially
overcome by a ten-fold increase in vitamin n3•

Maximal growth and bone

ash could be attained only when heated soybean meal was included in the
diet.

Scott

�'t

al. (1956) showed that poults developed enl�ged hocks

and leg weaknesses even when vitamin n3 levels up to 20, 000 I.C.U. per
pound were used and low fiber soybean meal had to be substituted for the
isolated soy in order to achieve normal gro�rth and bone calcification.
Carlson

�i

al. (1964a) also observed that when two levels of basal

isolated soy protein were used (JO and 39%) bone ash was depressed at
the higher level of protein.
Vitamin n3 has a significant influence on calcium absorption.
Studies by Coates and Holdsworth (1961) showed that the rate of absorp
tion of calcium f_rom washed duodenal loops of the small intestine in
vivo was at least twice as great in chicks given vitamin D3 as in the
rachitic controls.

This effect was observed whether vitamin D3 was

provided in the diet from hatching or as a single oral dose to rachitic
birds 16 hours before the experiment.
duodenum, either

i�

Perfused preparations of chick

vivo or completely isolated, showed no difference

in total calcium uptake in normal and rachitic birds.
Extensive studies by Wasserman (1962) demonstrated that a ·lag peri
od of 8 to 16 hours was necessary before oral administration of vitamin
D3 exerted its effect on calcium absorption in chicks. This time may be
used for converting vitamin D3 to an active form or it may mean that vi
tamin DJ causes synthesis of an unk8own component essential for optimum
cucium absorption. Phosphate and phytate equally depressed Ca47 absorp
tion in the chicks with or without vitamin D3 supplementation.

However,
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vitamin D3 had a slightly favora�le effect on phosphate (p32 ) absorption
between 0-10 minutes after isotope administration, but showed little
difference thereafter .

When ca47 .and p 32 phosphate were simultaneously

injected into the duodenal lumen, each ion mutually depresse4 absorption
of the other . Vitamin D3 increased duodenal absorption in chicks of Mg+2,
·
c a+2 , Sr+2, Ba+2 , Cs+l, and Co+2 but, absorption of Na+l , K+l , Cu+2, Fe+3,
and zn+2 were not significantly enhanced by the presence of vitamin D3 .
Later Wasserman et al. (1963-64) showed that a factor exists.which
infl uences calcium binding in homogenates of intestinal mucosa with its
formation being dependent on the presence of vitamin D.
that the factor showed the maximum effect some
istration of vitamin D3_�0 rachitic chicks.

2 4-30

It was observed_

hours after admin

An effect of vitamin D3 was

observed at 8 hours.

More recentl y, Lund and DeLuca (1966) have isol ated radioactive

metabol ites of vita.min D3 from bone, bl ood,

· administered H3.

l iver

and feces of rats

Al l of these metabol ites were effective in curing

rickets in rats and one metabolite was as active as vitamin D3 in this

regard .

Identification of the metabol ites would probab ly provide more

information on the metabolism of vita.min D3.

McKnight and Watts (1966) conducted experiments to determine the

effects of vitamin n3 on the util ization· of phosphorus from different_
sources. All phosphorus sources tested did not react in.the same manner
to increased vita.min D3 supplementation�

Increasing the level of phos

phorus tended to reduce the difference between sources of phosphorus and
increased leve ls of vita.min n3 .

Singsen et

al.

(1947) found that·the

greater efficacy of vita.min DJ compared to cod l iver oil was due in part
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to its effect upon utilization of phytin phosphorus.

He concluded that

mineral supplementation and balance were more effedive than vitamin D3
supplementation in preventing ric;:kets.
Gillis et al. (1962) studied availaoility of calcium and phosphorus
to poults and chicks from various sources of calcium orthophosphate.
Generally the primary calciUJn phosphate salt is the most available, fol
lowed by the secondary.and with the tertiary salt being least available.
Wilcox et al. (1953) reported that poults on a high energy purified diet .
supplemented with dried buttermilk and forage juice required 1% phos
phorus and 2% calcium for maximvm growth whereas 0. 8% phosphorus and
1. 5% calcium were sufficient to obtain maximum bone ash.
Studies by Edwards et al. (1960) showed that calcium requirements
increased as feed efficiency increased on varying levels of fat and pro
tein at the same calorie:protein ratio.

The level of dietary fat influ

enced calcium utilization by the chick as measured by growth rate and
tibia ash.

When a large amount of fat was included in the ration the

requirement for calcimn increased to a greater extent than the propor
tionate increase in feed efficiency.
Extremely high levels of calcium seem to depress the level of bone
ash in chicks (Jensen and Mraz, 1966b).

Also high levels of cqlcium

(1. 06%) in swine rations act as a stress factor in producing parakera
tosis in swine (Conrad and Beeson, 1957).
absence of phytate or

in

Excess calcium in the

presence of adequate zinc had no deleterious

effects on growth of chicks but in. the presence of phytate, it aggra
vated the zinc deficiency symptoms (0 'Dell et al. , 1964).

Morrison

and Sarett (1958) reported that addition of excess calcium to soy
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protein depressed weight gains and feed efficiency.

Additional zinc

counteracted this effect. These reports suggest that too high a level
of calcium will increase the requirement for zinc.
Phytic Acid Phosphorus
Dietary phosphorus is supplied to the turkey poult in either or
ganic or inorganic form. The organic phosphorus can be combined or tied
up to form phytin phosphorus. Harrison and Mellanby (1939) conducted
experiments to determine the rachitogenic activity of cereals. They
found that phytic acid (inositol hexaphosphoric acid) prepared from com
mercial phytin and neutral sodium phosphate exerted a powerful rickets
producing action when added to a non-rachitogenic or slightly rachito
genic diet_.

These workers observed that the rachitogenic action of so

dium phytate of c�reals is overcome by adding extra calcium to the diet.
This evidence suggested that rachitogenic action of cereals was not due
to unavailability of phosphorus but due to the action of cereal phytic
acid in inhibiting absorption of calcium from the alimentary canal.
Gillis et al. (1949) showed that a chemical test for total phos
phorus was not adequate in evaluating phosphorus requirements for chicks.
They found that the phosphorus supplied by cereals, cereal by-products,
soybeans, and other plant materials largely in the form of phytic acid
was not efficiently utilized by chicks.

Phytin phosphorus was utilized

to a limited extent by chicks in the presence of a substantial amount of
a more available inorganic phosphorus.

Replacement of an adequate level

of available inorganic phosphorus by progressively higher levels of
phytin resulted in a rapid decline in growth and calcification arid a
marked increase in vitar.1in D requirements.

Diets high in phytin were
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more effectively supplemented by increasing inorganic phosphorus than
by raising the vitamin D level.

Singsen et al. (1947) also proposed

mineral source and level to be a more logical and effective solution
to overcoming phosphorus problems in cereals than by adding �dditional
vitamin n3•
Smith and Rackis (1957) found that about 70% of the phosphorus
in soybean meal was in the phytin form.

Their work showed that in

extracting proteins from the meal the phytin reacts with the proteins
to form complex products of varying composition.

Phytin could be

elimjnated from water extract of soybean meal by a combination of
dialysis and treatment with anionic-exchange resin Dowex-1-XlO.
Availability of phosphorus in commercial soybean meal is higher
than previously s11spected (Sc_ott et al. , 1962) or soybean meal contains
some unlmown factor which enhances the availability of phosphorus in a
reagent grade anhydrous dicalcium phosphorus.

All phosphorus of non

plant origin is considered to be inorganic and 30% of phosphorus of
plant products in non-phytin phosphorus and considered as part of the
inorganic phosphorus in these studies.

In diets containing soybean meal

as the protein source, a marked difference was observed with young poults
in availability of the phosphorus in various inorganic feed phosphates.
These investigators point out that in calculating the available phos
phorus in diets fo� young poults it is necessary to consider not only
the relatively poor availability of the organic phosphorus but also
the variation in availability of different inorganic phosphorus
sources.

Diets based on soybean meal protein were adequate with·

.0.75% added phosphorus using commercial phosphate but did not prevent
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rickets in poults when 0.75% reagent grade anhydrous phosphate was added.
They concluded that whenever availability of either the organic or. in
organic phosphorus sources was reduced the requirements of poults for
total phosphorus may have been considerably higher.
Studies with radioactive phosphorus (Gillis et al., 1957) show that
calcium phytate is almost completely unavailable to the young turkey
poult.

Normal young turkey poults made only negligible (less than

2%)

use of calcium phytate compared to the utilization of phosphorus·in
disodium phosphate. Normal young chicks utilized the phosphorus in p32
labeled calcium phytate only about one-tenth as effectively as inorganic
orthophosphate (Na2HP 3204).

With diets deficient in vitamin D neither

·chicks nor poults made s�_g!1ificant use of phytin phosphorus.
Not all repor�s agree that phytic acid is harmful or an unavailable
source of phosphorus. Growth rate and tibia ash of chicks on corn-soy
diets were significantly increased with each increase of phosphorus
supplied either by phytic acid or dicalcium phosphate (Harms et al.,
1962). These workers proposed that since soybean meal presently is prepared in a different manner than previously and with the use of supple
mentary zinc, perhaps phytic acid phosphorus has been made more avail
able.

Widening of the calcium:phosphorus ratio also interfered with

the utilization of phytin phosphorus. Vandepopuliere et al. (1961)
also observed that plant source phosphorus was readily available to
chicks for growth when the calcium:phosphorus ratio was 1:1.

When

calcium:phosphorus ratios were narrowed from 4:1 to 1:1, plant source
phosphorus did not allow for the increased bone ash observed with ·dical
c. ium phosphate.

These results indicated a difference· in phosphorus
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requirements for growth and bone ash.
Carlson et al . (1964b) found that addition of sodium phytate to
casein-gelatin diets was_ not detrime ntal to growth of poults. Even
when dietary inositol, which may be converted to phytic - acid ? was
omitted from the diet there was no effect on growth or bone ash of the
poults.

Tying up of phosphorus by phytic acid therefo·re did not appear

to be the cause of rachitogenic properties of soybean meal.
Other workers (Waldroup et al. , 1964) showed that phosphorus from
phytic acid was highly available· to chicks and equal to that · of feed
grade dicalcium phosphate or reagent grade monosodium phosphate •

.An

interesting observation was that sodium phytate phosphorus was less
available �han phytic acid phosphorus.

Calcium phytate phosphorus was

somewhat more available for bone calcification than for growth. This is
in agreement with the theory of different phosphorus requirements for
calcification and growth (Vandepopuliere et al., 1961). Calcium phytate
phosphorus did not permit the degree of calcification of chicks on corn
soy diets attained by phytic acid or dica1ciuqi phosphate supplementation.'
Increasing levels of vitamin D3 from J60 to 1080 I . C.U./lb. signifi
cantly increased availability of phosphorus from calcium phytate but
not from sodium phytate or phytic acid phosphorus in these studies.
Various types of phosphate sources have been found to have different
biological values for chicks and poults.

Using purified and practical

type diets for chicks Nelson and Peeler (1961) tested the availability
of phosphorus from single and combined phosphates.
phate was used as a reference material.

Betatricalcium phos

One sample of dicalcium · phos-

. phate had a biological value of 97%, whereas Curacao phosphate and soft
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· phosp hate had biological values of 68 and 34% respectively .

Biological

values of combinations of phosphates were not any better than the sum of
the available phosphates contributed by e�ch source in these studies.
Also biological values of the phosphates were almost identical with
either purified or practical typ e diets.
Wilcox et al. (1954) using turkey poults on purified diets tested
the availability of phosphorus from several sources.

The diets were

supplemented with dried buttermilk, dried brewers yeast and forage j uice .
Fourteen different phosphorus sources were added in amounts to furnish
the major requirement of dietary phosphorus .

They found poults to be

more sensitive than chicks to source or composition of phosphates; how
ever, this may be partly due to difference in growth rates.

Considerable

variation was obse�ved in performance between defluorinated phosphate
used

and

dical cium phosphates .

This may have been the result of the

p rocessing of the phosphorus or differences in the original material.
Dibasic calcium phosphate, U. S.P . XIV, defluorinated phosphates, or
beta

and

monobasic calcium phosphates were excellent sources of dietary

phosphorus for poults .

Stea.med bone meal, some defluorinated phosphates,

betatricalcium phosphates and tribasic cal cium phosphates were inter�
mediate in availability in these studies •

.Also imported rock phosphate

and colloidal phosphate were relatively unavailable to turkey poults.
Edwards et al. (1958) supplemented various phosphate sources with
ash from unidentified growth factors for turkey poult diets.

The ash

was prepared by ashing equal p arts of dried distillers solubles, dried
whey, fish solubles and penic1llin mycelium meal .

Supplementation with

the unidentified growth factor ash did not improve availability of
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phosphorus from Curacao Island rock phosphate or C.P·. dicalcium phos.:...
phate.

Using U. S . P. dihydrated dicalcium phosphate- (CaHPo 4 • 2 H 20) as

having a reference biological value of 100, various phosphate sources
were evaluated.

C.P . dicalcium phosphate, Curacao Island rock phosphate,

unidentified growth factor ash and C. P. monopotassiurn phosphate had bio
logical values of 58, 50, 64, and 100 respectively.

Percent bone ash of

turkey poults fed combinations of these supplements approximated those
predicted from the relative availabilities of the individual phosphates.
Nelson and Peeler ' s work (1961) confirmed these observations �
In diets for young poults containing soybean meal for _a protein

-- -

source Scott et al. (1962) found a marked difference in availability of
the phosphorus in various inorganic feed phosphates.

Phosphorus from

reagent grade anh!drous dical_ cium phosphate (CaHPO4 ) was relatively un
available as compared to that of hydrated dicalcium phosphate (CaHP04 •
2 H20) or in commercial dicalcium phosphate.

A level of phosphorus

(0.7 5%) was completely adequate when using commercial phosphate but did
not prevent rickets in poults when reagent grade anhydrous dicalcium
phosphate was used.

The lack of response to various supplementations

of vitamin DJ proved that the failure of reagent grade dicalcium phos
phate _ to prevent rickets was not due to vitamin D deficiency. '.I'he poults
receiving anhydrous dicalcilnn phosphate showed symptoms similar to the
enlarged hock disorder which occurs in commercial flocks of turkeys.
The hydrated U. S . P. dical containing two molecules of water of hydration
produced excellent calcification but reagent grade dicalcium phosphate
produced poor calcification under the same conditions.

Results of these

studies indicate that the physical structure of the anhydrous phosphate
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renders its phosphorus less available for young poults as c_ompared to
the hydrated form.
The use of hydrated _ dicalcium phosphate (CaHP0 4 · 2H 2 o) compared to

the anhydrous form in poult diets allowed for an average inc�ease of

over 10% in the biological value of tot al phosphorus in work by Griffith
et al. (1966).

Supplementation of a purified diet with soybe an meal

increased the biological value of anhydrous dicalcium phosphate from 65
to 80.
Phytic Acid and Zinc Availabi.lity
Several workers have reported on the effects of phytate on zinc
availability. 0 1 Dell and Savage (19.60) used diets of soy protein (0.5%
phytic acid phosphorus) and casein (phytic acid phosphorus added to
0.8%) to study th� effects of_ phytate on zinc availability in chicks.
They found that zinc in isolated soy protein was less available to the
chick than that in casein.

Zinc in the casein-phytic acid complex,

which contained an amount of phytic acid comparable to the level in
isolated soy , was also less available than zinc in the untreated casein.
The addition of calcium phytate to casein-gelatin type diets had little
or no effect on zinc availability .

This is somewhat contradictory to

other .reports (Gillis et al., 1957) in which calcium phytate gave very
poor results.

Another report (Waldroup et al. , 1964) showed calcium

. phytate to exert a beneficial effect on bone calcification, especially
when supplemented with additional vitamin D3 .

O ' Dell and Savage also

proposed that cowmercial soy protein contains 0. 12% phytic acid phos
phorus and that the phytic acid complexes with protein to form substances
which are resistant to digestion by proteolytic enzyrnes such as pepsin.
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Later O ' Dell et al . (1964) demonstrated that addition of phytic acid
markedly de creased the biological availability of zinc whether complexed
with · casein or simply premixed with glucose .

Preformed calcium phytate

had little effect on zinc availability as shown in an earlier . study
(O ' Dell and Savage , 1960) .

This showed that if a protein-phytate inter

action is involved, the complex must be formed after the material is in
the digestive tract .

Excess levels of calcium in the presence of phytate

aggravated the zinc deficiency symptoms �

Zinc phytate is an insoluble

compound at the pH of the small intestine and is probably poorly absorb
ed because of a more insoluble zinc-calcium-phytate complex .

These

workers concluded that these three ions ( calcium, zinc , phytate) formed
a more insoluble or less available complex than is formed by any of the
two ions alone .
In the absence of protein and with amino acids serving as nitrogen
phyti c acid decreased availability of zinc to as great an extent as when
casein was present in the diet (Likuski and Forbes, 1964) .

The addition

of 1 . 8% phytic acid decreased weight gain and increased zinc concentration
in the tibia ash .

This is a somewhat contradictory report to that of

O ' Dell and Savage (1960) who proposed that phytic acid roust be in corobination with dietary protein in order to make the zinc unavailable .·
_,-,:

Kratzer and Vohra (1966) found that over hal.f of the 1 . 05% phos
phorus in isolated soy protein is in the phytic acid form.

Additions

of sodium hexametaphosphate, sodium tripolyphosphate� sodium acid pyro
phosphate, or sodium phytate did not- help in making the zinc present in
· the basal diet more available to turkey poults. Phytate, tripolyphos
phate, and hexametaphosphate added at levels as low as 0.684 millimoles
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per kilogram added along. with 15 p. p. m . zinc tended to decrease the
availability of dietary zinc.

If zinc had already been mixed into the

diet, no deleterious effects on the utili zation of supplementary zinc
were noted by these researchers.

Zinc from orthophosphate was less

available than from zinc phytate .
Availability of zinc from pyrophosphate, hexametaphosphate or tripolyphosphate was les s than from an equivalent amount of zinc oxide
(ZnO).

They concluded that the reduced availability of zinc from zinc

orthophosphate and other phosphates was due to their very low solubil
ities in water .

These phosphates are quite soluble in dilute acid sol

utions, but perhaps the gastrointestinal tract of the turkey poult does
not provide the suitable environment for dis solving the phosphates.
Part of the interference in zinc absorption by phytic acid may be due
to the formation of zinc phosphate rather than zinc phytate .
Autoclaving the isolated soy protein or greatly increas ing the zinc
level of the diet overcame the zinc availability problem in chicks (Jen
sen and Mraz, 1966b).

Kratzer et al. (1959a) had shown that autoclaving

an isolated soy protein diet deficient in zinc increased poult growth.
AJ_lred et al. (1964) had shown that there was less protein bound with
zinc in autoclaved isolated soy protein than in unautoclaved pr9tein.
Chicks on a relatively high level of dietary zinc failed to demon
s trate improved zinc utilization by autoclaving the isolated soy protein
(Miller and Jensen, 1966").

Steam sterilized, washed isolated soy pro

tein, when used with starch, reduced incidence of abnormal hocks of
turkey poults (Supplee et al. , 1958).

.Also growth · of poults was in

creased with zinc supplementation and even more improvement was obtained
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when zinc and potassium were added .
Radioisotope studies by Miller and Jensen (1966) indicate that re
duced zinc utilization by chicks on rations containing soybea..n protein is
due to lower absorption in both the proventriculus and small intestine.
Morrison and Sarett (1958) showed that zinc is less available to
chicks on i solated soy protein diets than on diets containing casein and
gelatin.

Grovrth of chieks could be improved by addition of zinc .

A lack

of zinc resulted in marked growth retardation, lowered efficiency of feed .
utilization, and shortened, thickened tibia with no effect ori tibia ash .
Turkey poults fed isolated soy protein developed perosis which could
be reduced by additional dietary zinc (Kratzer et al . , 1958a) .

Approxi

mately 40 p.p . m. of dietary zinc in addition to the 26 p.p . m. already in
the basal diet were necessary. for optimum growth.
found to contain 66 p. p.m. of zinc itself .

Soybean oil meal was

No reduction was observed in

bone ash of zinc deficient pouits. Starcher and Kratzer (196 3 ) reported
poults on diets of isolated soy protein, receiving less than 60 p.p.m . of
added zinc , showed a severe reduction in growth, shortened and thickened
long bones and poor feathering.

Sullivan (1961a) observed that poults

required a minimum of 50 p. p. m. zinc to obtain maximum gains .

He also

suggested a level of 70 p . p.m . as being required for rapid and normal
bone and feather development .

A severe zinc deficiency in this study

produced a..n increased ash content in bones which is contradictory to
results of other workers .
Chelating Agents and Their Effects ·
Numerous reports have indicated that several chelating agents such
as ethylenediamine tetraacetic acid (EDTA) bind zinc and/or other
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minerals to themselves so that the minerals are not bound to protein.
If zinc and other minerals are bound to protein, they become · somewhat
unavailable to the turkey poult •

.Kratzer et al. (1959a) found that when

EDTA was added to a, diet containing isolated soy protein, the zinc re
quirement was decreased.

The EDTA evidently was active in increasing

the biological activity of the dietary zinc to the poult. This is ex
plained on the basis thqt the EDTA molecule is small enough to be read
ily absorbed and thus formation of an EDT.A-zinc complex would make the
zinc more available to the poult.

Kratzer also proposed that· EDT.A

reduced the availability of the calcium ion which might interfere with
zinc availability, but could not sho�w this experimentally .
Davis et al. (1962) found that the addition of EDTA to an isolated
soy protein diet for chicks reduced the requirement for zinc, manganese
and copper.

There was no evidence that EDTA per

§.§..

is growth

stimulating.
Later Kratzer and Starcher (196 3 ) demonstrated that 100 mg. of EDTA
per kilogrmn of diet was equivalent to 8 mg . of zinc per kilogram of
diet .

This showed that ·EDT A increased the effectiveness of added zinc as

well as increasing the utilization of zinc already present in the diet.
In vitro studies by �-1.lred et al. (1964) showed that the �ount of
zinc bound to isolated soy protein was markedly reduced in the presence
of EDTA.

The amou.nt of zinc bound by isolated soy protein and a-casein

was relatively low at pH · 4 but increased as pH increased to 5. 3. This
indicates that the in vitro test is. restricted to measuring binding ac
tivity at pH values near the isoelectric point of the protein.

For iso

lated soybean. protein and casein the ·working range was pH 3.4 to pH 5. .
3

22

�-

O' Dell et al. (1964)" found that EDr'A, when added aJ.ong with ' phytic
acid,_ largely counteracted the detrimental effect of phytic acid. Krat
zer and Vohra (1966) tested the co?IParative ability of various phos
phates and EI1rA in making zinc more available to the turkey poult diets.
They found that· sodium hexametap- hosphate, sodium tripolyphosphate, sodium
acid pyrophosphate or sodium phytate did not help in making the zinc
present in the basal isolated soy diet available to . the poult as w�s
done
�
by EDrA.
Darwish and Kratzer (1965) conducted isotope studies with colos
tomized hens to determine the mechanism of EffiA and zinc binding. They
proposed that the EDrA-zinc complex being smaller than the protein-zinc
complex was more readily absorbed. In the blood and tissue the EDI'A may
release the zinc to proteins and enzymes which have a greater affinity
for zinc than EDrA.
Studies have also indicated that other chelating agents function
similarly to EDI'A. Chelates with stability constants for zinc ranging
from 5.3 to 18 .8 were tested for growth-promoting activity with turkey
poults in a zinc deficient diet containing isolated soy protein (Vohra
and Kratzer, 1964). Nitrilotriacetic acid (NTA) , hydroxyethylene
diaminetetraacetic acid (HEDrA), propylenediaminetetraacetic acid (Pu.rA),
hydroxypropylenediaminetetraacetic acid (HPDrA) , dihydroxyethylethylehe
diaininediacetic acid (DHEEDA), ethylenediaminediacetic acid dipropionic
acid (EDDADP) , and ethylene diaminediacetic acid (EDDA) gave definite

improvement in the growth of poults_.
I

A number of other researchers have not observed beneficial effects
from addition of chelating agents such as EDrA. A g�eater depressing
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effect on Ca47 absorption in rachitic than in vitamin n3 treated chicks

was observed when EDTA was included in the diet (Wasserman, i 962).

None of the chel�ting agents · (varying in stability constant s for
calcium from 1. 6 to 10.6) improved bone calcification or gro�h rates
of chicks on isolated soy diets in studies by Jensen and Mra z 1966b).
Two of the chelating agents significantly depres sed growth and percent
of tibia as h. Miller and Jensen (1966) failed to demonstrate improved
zinc utilization by addit ion of EDTA.
level of zinc supplementation (50 ppm).

This may have been due to a high
Jensen (1966) found "that EDTA

did not appear to affect calcium and phosphorus absorption in chicks.
He observed that the stability constant of EDTA for zinc is in the
proper range for poultry diets but the stability constant of EDTA for
calcium may not b� proper in these studies.
Studies by Carlson et al. (1964b) s how that addit ion of EDTA had
no bene ficial effects and may have aggravated the peros is-like con
dition of turkey poult s on isolated soy-protein diets.
Griffith

�i

Recently,

al . (1966) observed that adding EDTA (J OO mg./kg.) to

isolated soy protein poult diet s failed to improve growth.
Soybean Meal Extract s
The purified diet method has been used extensively i n studying the
rachitic and antirachitic factors of soybean meal.

By the use of pur

ified diet s substances other than soybean meal it self have been shown
to pos sess antirachitic and growth producing factor (s).
Ash of soybean oil meal has also given increased growth and percent
bone ash in some studies.

Soybean meal and soybean meal ash were

equally effective at 20% equivalents in purified diet s for poults (Scott
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et al. , 1956).

Ash of UGF (dried brewers yeast ) and of soybean oil meal

improved calcification indicating the mineral content of some portion
was the source of acti-fity for turkey poults (Scott et al. , 1962).
Griffith

�i

al. (1966) found that ash of s oybean oil meal did not

give a significant growth response when fed in a diet adequate in phos 
phorus.

A bone ash response was observed; however, this response could

be . duplicated by adding highly available phosphorus.
Several investigators have been able to show growth and bone ash
responses to a water extract of soybean meal.

Either Broad Breasted

Bronze, Beltsville Small White or Large White poults receiving zinc at
145 p. p. m. and 36% protein isolated poy protein diets responded growth
wise to a water extract of soybean oil meal in work by Wilcox et al.
(1961b ).

The grow�h response seemed to be coming from both the organic

and inorganic component s.

Liquid water extract had the same activity

as extract dried with forced air at 75° C .
In later work Wilcox et §;± • (1961a ) showed that a water extract
from soybean oil meal cou1d be dialyzed to form two fractions (dialyz
able and non-dialyzable ) • . Fractions were added to poult diets contain
ing isolated soy protein at 4% water extract or 20% soybean oil meal
equivalents.

In all experiment s poults receiving water extract of soy

bean meal and the dialyzable portion of the water extract were signifi
.cantly heavier than basal groups .

In several experiments poults

receiving the non-dialyzable port ion of water extract at a 4% level
were highly signifi ca.n.tly heavier than the basal group s.

The dialyz

able fraction probably included the inorganic response noted in previous
work (Wilcox et al. , 1961b) and the non-dialyzable fraction repre sented
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at least a portion of an organi c factor.
Wate r extracts of heated or raw soybean meal partially prevented
rickets and markedly improved growth of turkey poults in studies by
Carlson et al . (1964a).

Two protein levels were used (3 0 and 39%

protein from isolated soy prote in) .

Wate r e xtract of soybean meal was

added at 1 , 2, and 4% of the diet equivale nt to 5, 10 , and 20% soybean
oil meal. Rickets observ,ed in the basal groups were partially prevente d
by adding the water extract at 2 and 4% of- the diet.

No statistically

significant improveme nt in growth and bone ash were obtained by adding
the water extract to the lower protein diet (30% isolated soy).
ever, marked responses were obtained by adding the 2 and
· water extract to the 39% isolated soy protein diets.

4%

How

level_ of

The factors that

prevented rickets were either more concentrated in or more easily ex�
tracted from raw soybean meal. The factor (s) were not spe cifically
associated with protein be cause an extract made at pH 4 . 7 was as effe c
tive as an extract made at pH 6 . 8 where most of the soybean protein is
insoluble and soluble respe ctively .

The water e xtract did not seem to

be as active as soybean meal so it may not have contained all of the
antirachiti c activity.
Griffith and Young (1964) made - water extracts of unheated soy
bean flakes and dried and heated them prior to feeding to turkey poults.
The growth factor was not pre cipitated at pH 4.7 with the principal
proteins but remained in the water soluble fraction. This fraction
gave a growth response but did not improve utilization of phosphorus
from calcium phosphg.te

( CaHPO4).

The factor whi ch was responsible _ ·

for improving phosphorus utilization and calcification was not extracted

I.
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by water from either soybean meal or unheated soybean flakes but re �
mained in the • insoluble residue. This indi cates that soybean oil meal
has a water soluble growth factor and a water insoluble factor whi ch
improves pho sphorus availability.
In work conducted by Garli ch and Nesheim (1966 ) unheated soybean
oil meal was fractionated into a water-insoluble re: sidue_, pH

4 . 4 insol

uble proteins , salts insoluble at pH 8 , and whey proteins recovere1 by
dialysis and lyophili zation of the portion of the meal soluble at pH

. 4. 4. When fed to chi cks at levels of 1.3 and 1 . 9% of the diet , the soy
bean whey proteins markedly depressed growth rate , caused pancreatic
hypertrophy , reduced fat absorption and lowered metabolizable energy of
· the diet .

The whey proteins were separated into two fractions ; one high

in hemagglutinin activity and one high in trypsin inhibitor activity ;
however , . neither fraction when fed alone had any activity .

A diet con

taining 0.6% of a crystalline Kunitz soybean tryps in inhibitor depre ssed
growth and metabolizable energy value s of the diet , and caused pan
creati c hypertrophy .

These experiment s further suggest that multiple

factors are present in soybean meal whi ch can cause detrimental effe cts .
Jensen and Mra z (1966a) also studied effect s of a water extract of
soybean meal adde d to isolated soy diet s of chi cks .

They found �hat the

water extract stimulate d growth but did not change bone ash .

This fur

ther substantiates that the growth factor and antirachitic effect of
soybean meal are different.
A water extract of raw soybean . meal increased growth of turkey
p oults when added to purified diets based on isolated soybean pro�ein
or casein-gelatin (Griffith and Young , 1966). Previous attempts by
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these researchers to extract the growth factor from heated soybean meal
failed; however, in this study the factor could be removed from raw or
heated s oybean meal by a water extrraction.

Earlier Griffith e� al.

(1966) had been unable to remove the growth factor from heate? soybean
· meal but could remove a large part of the factor in unheated flakes by
water extraction .

The factor did not appear to be associated with the

protein in these studies which wouJ..d agree with findings by Carlson et
al. (1964a) •
California workers have reported that a gro-v.rth factor could be
extracted by use of methanol .

Vohra et al. (1959) reported that a

methanol extract of soybean oil meal gave a growth increase of 16-21%
to turkey poults on isolated soy diet s.

The extract prevented pero sis

only when suppleme_nted with additional zinc (26 or 83 p.p.m. ).
Krat zer et al . (1959b ) rep orted further data to show that unident
ified growth and antiperotic factors of s oybean oil meal for turkey
p0ults are soluble in methanol. The activity of the methanol extract
disappeared upon ashing, suggesting that the factor i s of organic na
ture.

In later work, Kratzer et al. (1964) showed that the methanol ex

tract and the water-acetic acid insoluble fraction of the ether insol
uble portion of the crude methanol extract produced a growth response
when added to isolated soy turkey poult diets.

The activity was present

in the benzene soluble portion of another preparation.

The greatest

respo nse was obtained from the ben zene soluble fraction after adding 200
ml o f acetic acid.

The response to · benzene fractions was still obtained

in the pre sence of high levels of vitarain D 3.

This could indicat e that

the factor in the benzene soluble fraction responsible for a growth

·'
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increase is diffe rent from that in the water extract of soybean meal ·
reported by Carlson et al. (1964a ) in which the factor increased the
e ffectiveness of vitamin

n3.

More · recently , Griffith and Young (1966 )

showed that the growth factor could be extracted from heated �oybean
meal with methanol.

Extraction of a water extract of soybean meal

with methanol brought about a concentration of the growth factor in
the methanol soluble portion.

J

Conflicting reports concerning gro"W"t::h factor extraction by ethanol
have been observed .

Wilcox et al. (1961b ) found that the active mate

rial was not extracted from soybean oil meal by 100% acetone or 100%
ethanol. Later Westerfeld and Hermans (1962 ) showed that an extract
made of isolated soybean protein with H2 so 4 and ethanol could stimulate
turkey poult growtb.
}

When added at a level equivalent to 20% soybean

meal the extract stimulated growth 15%.
- Unidentified Factors of Corn
Several reports have suggested a growth factor from unidentified
material in corn. Hill and Briggs (1950) noted that chicks on a purified
diet of glucose , soybean oil , purified soy protein , zein , methionine and
·
adequate amounts of all known minerals . and vitamins did not grow at a
maximum rate.

When cornmeal was fed at levels of 10-25% , a growth res

ponse was obtained.

A · part of the increased growth may have b�en due

to a slightly higher density of the ration when containing corn. The
fa?tor may be associated with carbohydrate fractions which are _ high in
pentoses but did not appear to be present in ascorbic acid , _methionine ,
lysine , or trytophan.
Griffith et al. (1966 ) noted that corn substituted isonitrogenously
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for sucro se and some o f the _ soybe c:,n prote in in a purified diet for
turkey poults increased growth .

Either corn starch in its natural form

w::1.s not grov-rth depre s s ing like isolated corn starch or corn contains a
growth factor.
Differences of Protein Source
Numerous researchers have reported differences between results ob
tained when us ing casein•, casein gelatin, or i solated s oy protein as
sources of dietary protein for poultry .

Wietlake et al . (1954 ) round

that a combination of 25% casein and 10% gelatin was inadequate as a
source of protein for chi cks .

When a synthetic diet of 35% casein and

0.5% methionine was supplemented with 1.5% glycine, a s light improvement
was o bserv.ed.

When O. 5% arginine or 1. 5% creatine were added, a large

improvement in the_ growth of chicks was observed.
Morrison and Sarett (1958 ) found evidence that suggested zinc in an
i solated soy diet is les s available to the chicks than in a similar diet
containing casein and gelatin.
We sterfeld and Hermans (1962) showed that a 20% casein and 10% gel
atin diet was deficient in methionine.

Even when casein was supplemented

with a mixture of all es sential amino acids or all amino acids in a 20%
s oy protein diet, it was still deficient in two unidentified factors,
a s oy factor and a fish solubles factor.

Westerfeld et al. (1962) found

· that casein or cas� in-gelatin were j ust as good sources of protein as
soy protein for turkey poults and chicks on a 50% total protein diet.
Studie s by Miller et al . (1965 ) showed that swine on a casein diet
showed optimum growth and skeletal development on les s vitamin D than
swine on isolated soy protein diets .

Pigs receiving i solated soy
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protein excreted exce ssive amounts of fecal calcium , phosphorus and mag
nesium which resulted in less mineral re tent ion.

This decrease in re

tention was not completely overcome by increasing the vitamin D levels.
Jensen and Mra z (1966a ) found no difference in Ca45 abso�ption by
intestinal loops of fasted chicks previously fed isolated soy protein
or casein-gelatin diets.

Jensen and Mraz (1966b) also found tibia ash

of chicks fed isolated soy protein (with 2.68% calcium and 1.45% phos
phorus) to be significantly less than tibia ash of chicks fed casein
gelatin .

In this study they found tibia uptake of ca45 to be signif

i cantly higher for birds fed a casein-gelatin diet than for those fed
isolated soy protein.
In another study Jensen (1966) showed a marked difference in the
absorption pattern.: and total net absorption of calcium by chicks fed
casein or isolated soy protein.

Net absorption of calcium occurred in

the first post-duodenal section in chicks fed casein-gelatin protein
but not until the last or second to the last sections of chicks fed
isolated soy protein. Net absorption of phosphorus did not occur until
the third section for casein fed chicks and not until the fourth section
for isolated soy fed chicks.

Dry matter absorption was also greater for

casein fed chicks and occurred to a greater extent earlier in the diges
tive tract.
Effects of Autoclaving Soybe an Protein
Heating of soybean protein produces beneficial effects in preparing
the protein for poultry cons1.,1mption.·

Osborne and Mendel (1917) found

that heat had a uni que effect in improving the nutritive value of · soy. bean protein.

They attributed the poor growth rates of rats on raw

-- ---

J.-,,

-
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soybean meal to their failure to consume the raw meal as readily as the
heated meal .
Evans and Butts (1949) observed that lysine, arginine, and trypto
phan suffer partial destruct ion when casein or soy globulin is refluxed
for 24 hours in a glucose solution or when ·soybean oil meal is autoclaved
for four hours .
_of . lysine .

Autoclaving appears to cause two types of inactivation

One type of reaction of lysine is with sucrose to destroy

lysine and another is a reaction with protein to render it unavailable
after enzymatic digestion in vivo. Lysine, asp artic and gluta.rnic acids
may combine with some constituents of the p rotein (probably the free
carboxyl with the free amino acid group) to form enzyme resistant link-

. ages .

The mechanism resp�:msible for this is thought to be the · "browning"

or Maillard reactiop.
Diets unsupplemented with amino acids conta�ning soybean protein
autoclaved for two hours produced white bars in the feathers of Broad
Breasted Bronze poults · in work by Kratzer et al . (1959a). Presumably
this was the result of a reduction of available lysine due to autoclaving .
More recently, Hill and Olsen (1967 ) have shown that increasing the
duration of autoclaving of soybean meal p roduced decreasing levels of
. Plasma lysine.

A short heating period caused a slight decrease and

longer heating periods caused a greater decrease in total lysine measured
in the meal.
· Numerous reports have suggested that autoclaving the isolated soy

protein used in ·chick or turkey poult diets �roves growth and/or bone
calcificat ion. Turk et al. (1960 ) found that autoclaving the isolated

protein used in chick diets (18 . 6 , 22, 30% protein di·e ts ) generally
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lowered the level of supplemental methionine needed for maximum growth.
This indicated that availabil ity of methionine , cystine and possibly
other amino nci s in soybe an protein is increased by heat treatment.
Jensen and Mr az (1966a) found that autoclaving the isolat�d soy
protein in a 40% protein diet for chicks i_mproved bone ash.

In these

experiments autoclaving at 120° C for 30 minutes mproved bone ash but
no� growth.

Bargo and McGinnis (1966) found that autoclaving raw soy

bean meal produced a growth response with chicks which was more pro
nounced when the diets contained starch rather than glucose or sucrose.
When carbohydrates were fed singly, glucos_e always promoted greater
chick growth than starch.
Autoclaving the isolated soy protein used in a zinc deficient ra
tion improved the growth of poults (Kratzer et al. , 1959a).

The soy pro

tein autoclaved at 15 psi for 30 minutes improved poult grm,rth and re
duced incidence of perosis.

If the soy protein was heated in closed con

tainers in the autoclave or was wet with an equal weight of water and
dried at 6oo c, - it was less effective in improving growth or preventing
perosis than if autoclaved in open pans.

A growth response to autoclav

ing was obtained even when arginine, lysine , and extra methionine were
added • . The zinc requirement seemed higher with unautoclaved protein,
suggesting that zinc was more available with use of autoclaved protein.
Carlson et al. (1964b ) found that autoclaving isolated soybe an
protein overcame the rachitogenic effects of the protein similar to the
effect of adding extra vitamin D3.

Raw soybean meal a_nd isolated soy

protein seemed to contain rachitogenic factor (s) a_nd raw soybean meal
also seemed to contain an antirachitogenic factor (s).

Heated or
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autoclaved soybean meal or isolated soy protein possessed little of the
rachitic factor, thus allowing for improved growth and bone ash.
Jensen (1966) foU11d that chicks did not respond to autoclaving
isolated soy protein with an improved utilization of calcium and phos· phorus .

Griffith et al. (1966) reported that autocl aving the isolated

soy protein did not improve growth of turkey poults.

Miller and Jensen

(1966) failed to demonstrate improved zinc utilization by autoclaving
isolated soy protein.
Several reports have indic ated that a water washing treatment of
isolated soy protein improves growth and bone ash values.

Hunt et al.

(1954 ) demonstrated that the perosis-like condition of poults receiving
an isolated soy diet cou1d be prevented by water washing the isolated
soy protein.

Supp�ee et al . (1958) found that when steam sterilized

washed isolated soy protein was used in a starch diet, the incidence
of abnormal hocks of poults was rare.

When washed isolated soy was

substituted for isolated soy protein in poult diets, no effect on cal
cification was observed by Scott et al. (1962 ) .

Experimental work by

Griffith et al. (1966) showed water washing and autoclaving isolated
soy protein did not improve growth.
Other workers have been u.nable to show that the unidentified growth
factor in soybean protein is a mineral or another known substance.
Morrison et al. (1955) did not obtain any additional growth of chicks
on isolated soy protein diets by supp lementing additional potassium,
sodium, manganese, magnesium, copper, iron, cobalt, iodine, and zinc,
indicating the growth factor was not one of these minerals .

Somewhat

_ contradictory, O ' Dell and Savage (1957) obtained a 10% gro�rth response
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with chicks on isolated soy protein diets from additional potassium.

A

combination of pot asshun and zinc produced a highly ·signifi cant increase
in growth.

Scott et al. _ (1962) found no beneficial effect on calcifi

cation by adding more selenium , zinc or bromine to poult diet13 of
isolated soy protein.

Carlson et al. (1964a) found no significant

effect on growth or bone ash of turkey poults on isolated soy protein
diets by adding more mangane se .
Various other substances do not appear to be the growth factor in
soybean meal .
1959b).

S cott

The factor is not a lecithin or cephalin (Krat zer et al . ,

�i

from soy lecithin .

al. (1956) also failed to show any growth activity
Turkey poults did not exhibit growth responses from

either 0. 033 % or 0. 2% genistin, stigmasterol acetate , B-sitosterol, and
crude soy sterols (Vohra et al. , 1959) .

B-sitosterol and stigmasterol

fed together at 0 . 1% levels prevented perosis in this study.

Other

studies by Kratzer et al. (1958b) showed oroti c acid , lipoic acid, meva
lonic acid, and gibberellic acid did not give growth responses in poults.
Hunt et al. (1954) showed that additional niacin and a-tocopherol were
ineffective in preventing the perosis-like condition of poults on
isolated soy protein diets .
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EXPERIMENTAL PROCEDURE
The se studies were conducted over a period of two years from Novem
ber 1965 to June 1967.

Broad Breasted vJhite poults obtained from Jerome

Turkey Hatchery, Barron, Wisconsin and Wrolstad Small \!Jhite poults ob
tained from Sunshine St ate Hatchery, Watertown , South Dakota were used.
At one day of age the poults were placed randomly into electrically
heated, stainless steel battery brooders .

Battery temperature was main

tained at 3 8-/+0° c for one week and lowered 2-J 0 c each following week.
Normally, from eight to ten poults were started on each of three
replicates of any given treatment .

The experiments were designed in a

randomized complete block design with the exception of experiments 66-9
and 66-11 which had a factorial design.

Analyses of variance and F

Treatment means were separated by Dunett ' s proce

tests were computed.

dure (Steel and Torrie, 1960) .

In all experiments body weight gains,

percent tibia ash, and percent mortality were used to measure responses
to unidentified factors.
Feed and water were supplied ad libitum in stainless ste el troughs
in all experiments.

The diets were basically glucose-isolated soybean

protein purified die ts.

In several experiments, the South Dakota State

University turkey st arter ( Carlson and Bonzer, 1962 ) was used as a
practical type diet to determine normal growth and t ibia ash.
1 and 2 show the compo sition of the diets used.

Basically, the purified

diet remained the same throughout the entire study.
did not include the

4%

Tables

Early experiments

SoJ.ka-floc (cellulose ) and contained only

dicalcirnn phosphate and 1% limestone .

3%

Autoclaved isolated soybean.
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T able 1.

Composition of Basal Purified Diet

Ingredient
Isolated soybean proteinl
Cerelose 2
Solka-floc3
Corn oil
Dicalcium phosphate
Limestone
Miner als 4
Vita.mins 5

Percent of qiet
44. 0
I;,!.. 3
3. 0

�.o

4.0
1.5
1.4
1.8

J

� C-1 Ass ay protein (see appendix) , Skidmore Enterprises , Cincinnati, Ohio .
A form of glucose , Corn Products Company , New York, N. Y .
3 A cellulose product , Brown Company , New York, N.Y.
\

4Minerals amt./kg. of diet

5vitamins runt ./kg . of diet

4. 97
NaCl , gm.
4.97
KCl , gm.
MgS04 , gm.
3.00
MnS0 4 • H 20 , mg.
Fll . oo
307 . oo
ZnS04 • H 20 , mg.
307 .00
FeS04 , mg.
88 . 00
CuS04 • 5 H 20 , mg.
•
22.00
6 H20 , mg.
CoCl�
11.00
KI , mg.
22 . 00
Na�Mo0 4 • 2 H20 , mg.
44.00
Na�Seo4 , mg.
11.00
,
mg.
Bo
� K tso ) • 12 H 0 , mg. 1� . 00
3
2
4 2
•
·
0.00
Na
�Si0
9
H20
,
mg
.
5
.
3
�2 . 00
NaBr , mg.

Vita.min A, u.s .P.U
1 5 , 408.00
Vitamin D3 , I.C.U. 6
880.00
Vitamin E , I.U.
1 2.05
17 . oo
Menadione (NaHS0 3 ) , mg.
33. 00
· Vitamin B1 2 , ug.
Folic acid , mg.
9.00
Pyridoxine , mg.
?g . oo
Riboflavin , . mg.
. 22. 00
Thiamine , mg.
22.00
C alcium pantothenate , mg .
44.00
Niacin, mg.
99.00
Choline chloride , gm.
3. 5 2
D-L methionine , gm.
7 . ITT
4.CJ7
Glycine , gm.
P-aminobenzoic acid , mg • .
110 . 00
22 , 00
Ascorbic acid , mg.
438.00
Biotin , ug.
OxytetracY,cline HCl , mg.
4.00
146.00
Ethoxyquin7 , mg.

6vitamin n at National Research Council recommendations.
3
?An antioxidant , Monsanto . Chemical Company , St. Louis , Mo.
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Tabl e 2.

Composition of P:r;-actical Turkey Starter Diet

Ingredient

Percent of Diet

Ground ye l low corn
Soybean oi l meal (50%)
Alfalfa meal (17%)
Dried buttermilk
Fish meal
Trace mineral saltl
Dicalcium phosphatB
Lime stone
Methionine
Lycine
Vita.min supp l ement2
Corn oil

39. 4
43. 0
2. 0
2.0
2.0
0 .5
2.0
2. 0
0. 1
1. 0
1.0
5. 0

1Trace mineral salt
Minerals
NaCl
Mn

Zn
Fe
Cu
Co
I

s

· Percent
o/1 . 00

0 . 45
0. 50
0. 17
0. 05
0. 01
0.01
0.30

Provide s/kg. of diet
4. 85 gm.
22.50 mg.
25 . 0 0 mg.
8.50 mg.
2. 50 mg .
500 .00 ug.
500. 00 ug.
15.00 mg .

2vitamins amt. /kg. of diet
Vitamin A, U . S.P . U .
Vita.min D3 , I . C. U.
Vitamin E , I . U .
Menadione (NaHS03 ) , mg.
Vitamin B:i_2 , ug.
Riboflavin , mg.
Pantothenic acid , mg .
Niacin , mg.
Choline Chl oride , mg.
Oxytetracycline HCl , mg.
Ethoxiq�n , mg.

10, 560. 00
880. 00
44. 00
2.20
17.60
8. 80
17 . 60
88 . 00
880 .00
9 .70
220. 00

J
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protein was used in some experiments •

.All vitamins and minerals were

supplied in excess of N . R . C . recommendations (see appendix) .
of vitamin D3 and zinc were varied · in some experiments .

The levels

Various extracts

of soybean meal and corn were prepared and added to the basal . purified . _
diet to measure effects of the unknown factors .

The methods used to ·

p repare these extra cts will be discussed later in this section .
Starting weights of - each replicate w�re obtained to aid in deter
mination of weight gains .

A group weighing was normally made of · each

replicate at weekly intervals .
basis .

Mortality records were kept on a daily

At the end of four weeks the poults were sacrifi ced. Final

weights were taken and tibias were removed for ·bone ash analysis .
The .following method (A . O . A . C . , 1 965) was used for tibia ash deter- mination .

Poults were killed and the left tibia was removed .

All

adhering tissue was clea�ed off by cutting with a scissors and by rub�
bing with a cloth .

To facilitate the tissue removal, the tibia was

· placed in boiling water for approximately two minutes .

The bones were

then ext racted for 24 hours with hot alcohol (ethanol ) to remove traces
of water .

This was followed by ether extraction for 24 hours to remove

lipids, thus yielding moisture-free and fat�free bones .

The bones were

air dried under the hood for 12 hours to remove traces of ether . • Follow
ing the air drying, bones were dried in an oven at 100° c for 20 hours.
Bone samples were broken into smaller pieces and placed into previously
weighed crucibles and weighed to determine sample weight.

The crucibles

were then placed into a muffle furnace and heated for one hour each at
200° c, 300° c , 400° c and 500° c respectively .

At · the end of four hours, ·

when the furnace was at 500° c , the temperature was increased to 6oo0 c
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and maintained for 20 hours. This. produced a .chalky, white ash.
crucibles were plac ed in a desiccator and cooled.
when the crucible s had . cooled to rciom temperature.

The

Weighing was done
Calculations were

then made for percent bone ash.
-In several experiments , ash of soybean meal was tested for anti
rachitic and/or grow-th promoting activity.
meal (50% ) was used for ashing.

Commercial heated soybean

Approximately 40-70 grams of soybean

meal were placed in weighed evaporating d ishes .
p1us soybean meal were obtained.

Total weights of dish

Dishes were placed in a muffle fur 

nace dnd heated at 200° C for one hour, then 300° c , 4000c, 500° c, for
an hour each until 6oo0 c was reached.

The samples were heated at 6oo0 c

for seven hours until a white ash was obtained.

Soybean meal . was found

to have 5.53% ash hy this procedure.
Extracts of soybean meal were made by several methods. These meth
ods were similar in many respects but could be differentiated by classing
one typ e as a water extract, another as an acid extract , and another as
an ethanol extract.
In preparation of a water extract of soybean meal for experiment
65-3 and 65-4, a given quantity of soybean meal (50% protein) was ex
tracted for one hour at 50° c in a water bath in a large container with
three liters of distilled water for each kilogram of soybean meal.
Sufficient glacial _acetic acid was added to bring the pH of the mash
to 4.7.

The mash became more difficult to stir progressively with

time because the soybe an meal swelled with the heat and moisture treat
ment.

Following the one hour extraction the water was pressed out by

means of a squeeze pre s s through four layers of cheesecloth. The pressed
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soybean meal was resuspended in distilled water (2 lite rs per kilogra� )
and adusted to pH 4. 7 with glacial acetic acid.

The . mash was again

pressed and the combined water extract portion was heated to

so0 c .

The

resulting precipitate (protein) was sep arated by filtration • . The re
maining water extract portion was evaporated in pyrex p ans which were
placed in a 700C water bath with fans blowing air over them constantly.
Final traces of water were removed by lyophilization leaving a sticky ,
meal-like extract .

70°c .

The pressed meal was dried in a forced air oven at

This fraction was called the residue of the water extract.
Late r (experiment 66-4 ) , several modifications were made in the

water extract procedure.

After the water extract was pressed from the

soybean meal mash , it was not heated to remove the protein portion , but
was dried in the w�ter bath as . such .

In prior work this protein was

shown not to contain antirachitic activity. �f

Also, the water extract

was dried only to a syr up rather than to complete dryne ss. Water
extracts of raw soybe an meal were made in the same manner as for heated
soybean meal.
A water extract of autoclaved isolate d soybe an protein (experiment

66-5 ) was made by mixing one kilogram of protein with six liters of
distilled water .

The material was stirred mechanically for one hour.

The solid protein particles were allowed to settle and the water was
removed from the s�spension by operating a carborundum gas dispersion
tube under suction .
the prote in material.

Thre e washes of four liters of water were made of
The aqueous p-ortion was dried in pans placed in

{'.-Unpublished data, South Dakota State Univ. , 1965 .
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a 70° C water bath .

Final · drying was done in a forced draft oven ·at 70°c .

The residue portion was al so dried in the forced draft oven and then
ground to reform a powder-like protein material .
Acid extracts of soybean meal were prepared by mixing two liters_ of
distilled water (acidified to l . � N with con centrated HCl ) with each
kilogram of protein .

The resulting mash was heated to 5O-6O�C for five

hours in a water bath to, facilitate hydrolysis.

The mash was pres-sed

through four layers of cheesecloth and the resulting meal washed and
pressed three times with four liters of distilled water per each kilogram
of original soybean meal .

The combined filtrates were adj usted to pH

5. 5-6 . 2 with NaOH and KOH .

The amount of NaOH and KOH added to adjust

pH was recorded and calculations were made to determine equivalents of
NaCl and KCl .

The salts in the diets could then be reduced to maintain
Upon neutrali zation, a precipitate

similar levels for all treatments .

formed which was removed by centrifuging and added to the residue por
tion .

The residue portion was then dried in open pans in air and ground

before use .

The remaining liquid extract portion was evaporated by

placing it in large pans, and heating to 6O-7O° C in a water bath with
air being blown continuously over the surface .
to a brown syrup-like material .

The extract was dried

��

In experiment 66-2 an ethanol (Et?H ) extract of water extracted
soybean meal was prepared .

One kilogram of water extracted soybean

meal was extracted with three liters of hot (7O ° C) EtOH .
The mash was then re-extracted with two liters of hot EtOH .
filtrates were combined .

The

The residue was dried in open pans with air

being passed �ontinuously over it .

The EtOH extract could not be

evaporat ed to drynt3 S 8 , but r8mained an oily syrup.

The syrup was redis

solved in EtOH to decrease viscosity for ease of addition to diets.
An etha11ol extr act of corn was also prepared (experiment 66-2).
One kilogram of corn was finely ground.

After addition of three liters

- of 100% EtOH the material was allowed to stand in a 6o0 c water bath for
orie hour .

At the end of this period the ground corn was filtered

through a large Buchner funnel.

The above procedure was followed for

two additional washes with three liters of EtOH. The extracts were
combined.

The residue mash from the 100% extraction was dried in a

forced 1 draft oven and then extracted three times at 6o0 c using four
liters of 50% EtOH. The 50% EtOH extracts were combined and evaporated
in a forced air oven at
dried and reground .

70° c .

The extracted mash or residue was also

The material extracted by 100% EtOH was evaporated

in a flash evaporator system , leaving an oil-like substance.
A water extract of corn (experiment 65 -3) was prepared in a similar
manner to the water extract of soybean meal.

Three liters of distilled

water were added to each kilogram of ground corn.
to pH 4.7 by using glacial acetic acid.

The mash was brought

The starch of the corn seemed

to settle out and made stirring difficuit.

Filtering through a Buchner

funnel was slowed by the starchy mate rial.

The residue was washe.d sev

eral times with three liters of distilled water and all extracts com
bined.

The residue portion was dried in a forced air oven at 7 O° C.

The extract portions were ·evaporated . using the water bath as previously
described.

Lyophilization was used to remove final traces of water.

The

resulting material was carrneli zed powder which was very hygroscopic.
Later , (experiment 67-1 ) an acid extract o.f corn was prepared. Two
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liters of distilled water were added to ea ch kilogram of_ ground corn .
Glacial acetic acid was added to bring the pH of the mixture to 3.6 .
HCl was used in experiment 66-8 to bring about more hydrolysis at a low
pH (1.2N) .

After addition of acid, the mixture was held at 50�6o0 c in

a water bath for 4-5 hours .

The mixture was then filtered and squeezed

by manual pressure through six layers of cheese cloth .

Two washes of

three liters per kilogram· of original corn were made of the residu�
portion .

The residue portion was then dried by being placed in open

pans with air blowing over them .

The extract portion was neutralized

with KOH and NaOH and allowed to st and overnight .

A starch-like por

tion seemed to settle out and was separated from the aqueous portion by
de canting and centrifugation .

The starch material was included and

dried with the resi�ue portion . _ The aqueous extract portion was pla ced
in pyrex p ans and evap orated to a syrup-like substance in the water
bath as previously des cribed .
The various extracts of soybean meal and corn and the soybean
meal ash were added on a percent equivalent basis.

For example , if

200 grams or milliliters of extract were prepared from one kilogram of
original soybean meal or corn , then a
per 10 kilograms of diet .

5% e quivalent would be 100 grams

Extra ct from one kilogram (200 grams in

this case) would be sufficient extract for 20 kilograms of diet· by

using this system .

Residues were also added on an equivru_ence basis.

Be cause of grea t er weight of the residue portion a given percentage
of the mixed diet was removed before adding the residue. For example ,
if 850 grams of residue were re covered from one kilogram of origi�al
soybean meal , then 850 grams of mixed diet would be removed from 20
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kilograms of diet before adding the 850 grams of residue
of residue).

( 5%

equivalent

Th:L s did not alter calorie : protein ratio to any appreci

able extent.
Auto claved isolated soybean protein was prepared for some experi--:
·ments.

The protein was placed in open pan.s to a depth of approximately

three ce ntimeters.

The pans were then p laced in the autoclave, steamed

to l00° C and then sub j ected to the pressurized heat and steam treat
ment.

Autoclaving was done at 1200c for varying lengths of time - for

some experiments.

Autoclaving for sixty minutes seemed to give maximum

growth and calcifi cation. ➔( At the end of the autoclaving period the
protein appeared in a brick-like form which had to be broken into
smaller pieces with a large spatula before grinding to original fine
ness.

The autoclaved protein was substituted for unautoclaved protein

o n a weight-for-we ight basis whenever this treatment was called for.
1:-Personal communi cation with Owen Thompson, 1966, South Dakota State
University.
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RESULTS AND DISCUSSION
Experiment 65-2
The results of this experiment are presented in Table 3.

Variou.s

· substitutions of corn for part of the diet .influenced poult growth and
bone calcification only when added at 10 percent of the diet .

A highly

significant (P�0 . 01 ) increase in body we ight and percent bone ash over
.,J

the basal diet was obtained by adding 10 percent yellow corn , 5 percent
soybean meal , or increasing the vitamin n3 to 8800 I.C . U. per kilogram

of diet (10 times N . R.C. recommendations ) .

Standard turkey starter. used

by this station produced highly significant weight gains and percent bone
The standard practical type diet was

ash over the basal purified diet .

used to establish normal growth and bone ash values.

The results in

dicate that growing poults under practical conditions should weigh
about 500 grams and have 46-47 percent bone ash at four weeks of age .
Mortality data show that poults on the purified type diets have higher

mortality rates which can be reduced by adding vitamin n3 or substituting

Table 3 .

Effect of Soybean Meal , Yellow Corn and Vitamin n3 on Poults .
Experiment 65-2.
,..,.,

Treatment
1.
2.

3.

4.

5.
6.

7.

Basal diet (1760 I . C . U. D_fkg . )
As 1 + 2� yellow corn
As 1 + 5% yellow corn
As 1 + 10% yellow corn
As 1 + 5% soybean meal
Basal diet (8800 I . C . U . D3/kg.)
Standard turkey starter

Body Wt.
(grams)
20J . 9
166.3
293. 9
376. 4 �- *
366. 8 **
3 02. 8 **
504.7 **

Bone
Ash (%)

28. 8
· 28. 4
30 . 9
43. 6
35. 9
35.3
46. 8

**Significantly {P'-0.01 ) different from treatment 1 .

**
**
**
**

Percent
Mortality
76.7
20.0
63. 3
36 .7
26 .7
20.0

**

** .
**
**

o .o- **

yellow corn or soybean meal .

This study would indicate the presence of

a factor (s) in _ corn and soybean meal which allows for both increased
growth and bone ash .

It would also seem that soybean meal is a more

concentrated source of the factor (s) .
Experiment 65-3
This e:xperiment was conducted to determine if the high zinc level
(145 ppm) had an antagonizing effect on calcium or any other comp�pent of
the purified diet .

A lower zinc level (50 ppm) was used for comparison .

Two levels of vitamin D3 and extracts of soybean meal and corn were also
tested for their effects in this study .

Results (Table 4) show that

increasing vitamin D3 to ten times the N . R . C . recommendations produced a
significant (P�0 . 05) increase in bone ash on the low zinc diet.

increased vitamin �3 had no significant effect on growth .

The

A 10 percent

water extract of soybean meal produced a significant (P"-6. 05) increase
Table 4 .

Effect of Zinc Level , Vitamin D3 and Corn on Poults .
E:xperiment 65-3 .

Treatment
1.
2.
3.
4.

5.

6.
7.
8.

Basal with
Basal with
BasaJ. with
BasaJ. with
As 1 + 10%
As 1 + 10%
As 1 + 10%
As 1 + 10%

1 x Di1 , high zinc2
10 x 3 , high zinc
1 x Di, low zinc
10 x 3 , low zinc
H20 extract SBM
H2o extract corn
residue from 6
yellow corn

Body Wt .
(�ams}
22 6 . 7
2 06 . 7

249 . 7

2 83 . 0

273 . 0
279 . 0
425 . 0 ➔* ➔*
456 . 7 **

Bone
Ash {�}

26 . 0
29 . 6
23 . 5
31 . 1 �} .
30 . 3 *
28 . 0
41 . 1 *�42 .1 **

Percent
Mortalit�
70 .8
79 . 1
'2rl . 5
L;l . 7
58 . 3
54 . 2 .
50 . 0
20 . 8 **

1vitamin n at the N . R . C . recommendation of 880 I . C . U ./kg .
3
2 zinc at the
regular level of 145 ppm compared to low zinc (50 ppm ) .
* Significantly (P�0 . 0 5 ) different from treatment 1 .
· ** Significantly (P�0 . 01 ) different from treatment 1 .
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in bone ash indicating that the faGtor (s) which improve calcification
had been concentrated in the water extract.

Substitution of 10 percent

corn produced hiehly s ignificant (PL..0.01) increases in body weight and
bone ash.

A water extract of corn (10% equivalent) added to the basal

failed to influence growth or bone ash.

The residue of a water extrac

tion of corn added at 10 percent of the diet produced a highly signifi
cant (P�0. 01) increase iri body _weight and bone ash indicating that the
factor (s) respons ible for improving growth and bone calcification had
not beep removed in the water extract .

Mortality was reduced by addi

tional vitamin D�;; , the low zinc level or the addition of corn. Yellow
corn substituted for 10 percent of the diet significantly (P�0. 01) re
duced mortality.
�erirnent 65-l
In this experiment, a low zinc level (50 ppm) and low vitamin D3
level (2200 I. C.U./kg.) were used.

Using a higher zinc level (145 ppm) ,

the low level of vita.min D3 producod silnilar body weights as the higher
vitamin DJ level.

Result s are presented in Table 5.

An addition of 10 percent water extract of soybean meal did not
influence body weights of poults as compared to the basal diet (treat
ment 1).

However , the residue of this water extract os soybean meal

produced significa..nt ly higher (P�0.01) body weights of poults and per· cent bone ash than _ the basal diet.

This would indicate that the fac

tor (s ) responsible for improving growth was not removed by the water ex
traction in this experiment.

An addition of 10 percent wat er extract of

corn also had no effect on body weight or bone ash.

However, substitu-

_ tion of 10 percent yellow corn from which the corn extract was made
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produced significantly (P'-0. 01 ) h�e;her body weights and percent bone ash.
than the basal diet.

This confirms the previous study that showed corn

contained a growth-promoting factor· which was not extracted by wate r.
Mortality data show that higher levels of vitamin D3 did not consistently
reduce death rate of poults.

It was evident that when more fibrous

material was included in the purified diet (such as soybean meal res
idue or yellow corn ) that mortality was s ignificantly (P'-0. 05) reduced.
Table 5. Effect of Zinc Level, Vitamin D3 , and
Extract s ,of Corn and Soybean Meal on Poults.
Experiment 65-4.

Treatment
1.
2.
J.
4.
5.
6.
7.
8.

Basal with
Basal with
Basal with
Basal with
As 1 + 10%
As 1 + 10%
As 1 + 10%
As 1 + 10%

low D3l , high zinc2
higB. D3 , low zinc
low D3 , low zinc
high DJ , high zinc
H20 extract SBM
residue of 5
H2 0 extract corn
yellow corn

Body Wt.
(grams)
294. 1
266.9
3 90. 5
267 . o
28J. 4
441. 5
27 2. 2
471.2

-)�

��· --)�

�f-i�

Bone
Ash (� 2
34 . 7
J 2. 8
J 8. 9
3 5. 1
33. 5
46. J
3 2. 9
49 - 4

➔�� {�

�f ➔�

Percent
Mortality
45 . 8
66.7
62.5
58.3
54.2
8.3 ''
33 .3
8.3 �)(·

1vitamin D at a low (2200 I. C. U. /kg. ) or high leve l (8800 I. C . U. /kg. )
J
supplied in diet at either a high (145 ppm) or low level (50 ppm).
Significantly (Pt-0. 05 ) different from treatment 1 .
H� Significantly (p1-o. 01) different from treatment 1 .

2 zinc
➔�➔

Experiment 66-1
This experiment was conducted to determine whether the vitamin D3
· being used was potent as administered in the diet.

No significant dif

ferences in body weights, bone ash, or mortality we re observed among
the various methods of administration of vitamin D3.

A daily indi

vidual oral dose of vitamin D3 equivalent to 17 60 I. C. U./kg. of diet
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/

failed to produce any significant differe nces from treatment 1. Adding
fresh vitamin D3 e ach week to the basal at 1760 I . C . U . /kg. of diet
failed to show any differences from the original basal .

A higher level

of v itamin DJ (8800 I . C . U . /kg . ) produced a significantly highe� (P4 0 . d5)
body weight and bone ash than the basal diet when soybean meal was
included at five pe r cent of the diet .

The higher level of vitamin D3

did not show this effect 'when soybean meal was not included .
Mortality was reduced by the inclusion of five percent soybean meal
in the 1 diet s .

The higher vitamin D3 level did not appear to reduce

mortality as observed in experiment 65-2 and 65-3.
The results o· this experiment - (Table 6) indicated that poults
receiving vitamin D3 mixed in the diet prior to the experiment gained
as well as those rsceiving vitamin D3 by other methods.
were also similar .

Bone ash values

Soybean meal seemed to exert its growth-promoting

effects best when supplemented with high levels of vitamin n3.
Table 6 .

1.

2.
3.
4.
5.
6.

Effect of Level and Method of Administration of Vitamin n3 to
Poults on Diets Supplemented with Soybean Meal .
Experiment 66-1.

Treatment

Body Wt .
{grams}

Bone
Ash {if 1

Percent
Mortalit;:L

Basal 1 with 5% soybean meal
As 1 but wlth 8800 I . C. U. D3/kg .
As 1 with vit . D3 added weekly
As 1 but daily ·oral dose vit . D3
As 4 minus soybean meal
As 2 minus soybean meal

44.3. 1
624. 1
319. 1
345 . 8
341. 6
386. 9

32 . 2
39 . 8 ��
27. 9
29 . 2
27. 5
34. 9

33. 3
52 . J
52 . J
52 . J
71. 4
61 . 9

➔

�-

1vitamin n supplied at 1760 I . C. U . per kilogram of diet .
3
�� Significantly (PL-0 . 05 ) different from treatment 1.
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· Experiment 66-2
This experiment was conducted to determine if the growth or
calcification-promoting factor (s) in soybean meal and corn could be
extracted by ethanol (EtOH) .

.Al l

Results are presented in Table 7-.

di�ts contained vita.min D3 at four times the N . R . C . recommendations. ·
Table 7 .

Effect of Ethanol Extracts of Corn
Poult Growth and Bone Ash
Experiment 66-2 .

Treatment
1.
2.
3.
4.
5.

6.
?.
8.

Basal (352 0 I . C . U . vit . D3/kg . )
As 1 + 5% yellow corn
As 1 + 5% of 100% EtOH ext . cornl
As 1 + 5% residue EtOH ext . corn2
As 1 + 5% residue H20 ext . SBM
As 1 + 5% of lOD% EtOH ext.· SBM3
As 1 + 5% residue EtOH ext . SBM4
As 1 + 5% soybean meal

and

Body wt .

_(grams)
2 89 .7
·542.4
285 .6
469.0
444.2
304.1
327 . 2
392.6

➔f*
-�➔f

*

Soybean Meal on

Bone
Ash (%)
32.1
46.1 1}
32 . 9
42.2 ,�-39 . 3
31 . 0
33 . 1
33 . 0

*

Percent
Mortality
61.5
34 . 6
60 . 0
46.2
33.3
7 2.0
25.9
48.0

1A 100% ethanol extract of corn added at 5% equiyalent.
2Residue from several (100% and 50%) EtOH extracts of corn.
3Five % equivalent of a 100% EtOH extract of H o extracted SBM.
2
4Five % equivalent of several (100% and 50%) EtOH
extracts of water
e xtracted soybean meal .
· * Significantly (PL0 . 05) different from treatment 1 .
* * Significantly (P�0 .01) different from treatment 1.
A substitution of five percent yellow corn produced highly significant
(P£-0. 01) growth and bone ash values over the basal.

All extracts and ·

their residues were added at five percent e quivalent in this experi
ment. The EtOH extract of corn failed to give any resp onse. However ,
the residue of the EtOH extract from two ethanol (100% and 50% EtOH)
extractions still contained unidentified growth a_�d calcification
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factors .

'l'his wo.s eviden ced by the hie;hiy significant (P'-0 . 01) growth

response of the poul ts to Et0H residue and the significant · (P.t-0 . 05)
improvement in percent bone ash .
An ethanol extract of water extracted soybean meal, residue of
several Et0H extracts of water extracted soybean meal, and soybean meal
itsel f failed to produce any significant responses. Perhaps the higher
level of vitamin D3 mask� d the effect of soybean meal so no response
above the basal could be obtained .

It would appear the growth and/or

antirachitic factor (s) were not extracted by Et0H from the residue of
water extracted soybean meal in thi s study.
It appeared that substitution of 5 percent corn or soybean meal
reduced mortality .

Al so residues of Et0H extract of corn and the res

idue of Et0H extract of water extracted soybean meal seemed to lower
poults mortality .

The Et0H extracts of corn, H20 extract of soybean

meal, and Et0H extract of H2 o extracted soybean meal did not appear to
reduce mortality .

Experiment 66-J
This experiment was conducted using a practical type diet.

Various

levels of vitamin D3 were added to see if growth and percent bone ash
could be improved .

The results (Table 8) show that no significant

increase s in growth or percent bone ash were obtained. It. would seem
.
that other nutrients including any unidentified factor (s) in soybean
meal and corn were already in the diet so optimum growth was obtained
at the lower levels of vitamin D3 .

When vitamin D3 _ was supplied at

N . R . C . reco:rPJnended levels, bone ash of 49. 4% was obtained in previ_ous
work (experiment 65-2) .

Body weight at four weeks of 500 grams was
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· optimum in this study .
practicaJ. diet .

The mortality was also greatly decreased with . the

It would appear that the purified diet used in previous

studies could be improved .
Table 8 .

Effect of Various Level.s of Vitamin D3 on
Poults Fed a Practical-Type Diet . l
Experiment 66-3 .

Treatment
1.
2.

3.

4.

5.

Basal
Basal
Basal
Basal
Basal

with
with
with
with
with

220 I . C . U . n3/kg .
440 I . C • U . D3/kg .
880 r . c . u . n3/kg .
1760 I . C . U . n3/kg .
3520 I . C . U . D3/kg .

Body Wt .
(grams)
487 . o
467 . 9
493 . 0
505 . 5
488 . 3 .

Bone
Ash (%)
47 . 0
50 . 6
49 . 4
. 49 . 8
49 . 6

Percent
Mortality

o .o
o .o

3 .3
6 .7
10 . 0

1Turkey starter used by South Dakota State University (Carlson and Benzer ,
1962 ) .
Experiment 66-6
In this experiment poults were placed on a basal diet using auto
claved (60 minutes @ 120 ° c ) isolated soybean protein as the source of
protein for two weeks .

All p_oults received the same diet containing

3 520 I . C . U . of vitamin n3 per kilogram .

The autoclaved protein and

high level of vitamin n3 were used to decrease poult mortality through
the first critical weeks .

At the age of .two weeks poults were randomly

placed into equal weight groups on the various treatments .

The results

are shown in Table 9 .
Mortality rates were reduced by using the two week preliminary
feeding period on autoclaved protein; however , the two remaining weeks
_ appear� d to be too short a period for responses to become significant .
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Substitution of five percent soybe.an meal or five percent equivalent of
an acid extract of soybean meal , residue of the acid extract, or soybean
meal ash failed to show any significant growth or bone ash responses in
this e:xperiment .
Tabl e 9 .

Effect of Acid Extract and· Ash of Soybean Meal on
Poult Growth and Bone Calcification .
Experiment 66-6.

Treatmentl

1.
2.
3.
4.

5.
6.

Ba'sal (3520 r . c . u. n3/kg . )
As 1 + 5% autoclaved C-1
As 1 + 5% soybean meal
As 1 + 5% acid ext . of SBM
As 1 + 5 % res . acid ext . SBM
As 1 + 5% ash of soybean meal

Body Wt .
(grams)

Bone
Ash {%)

- P ercent
Mortality

382 . 1
333 . 3
353 . 9
375 .0
332 . 6
361 . 9

32 .7
33 . 2
34 . 8
34 . 6
32 . 6
31 . 9

23 .8
14 . 3
· 38 .1
23 .8
9 .5
19 .0

1All groups on co�on diet to two weeks of age using autoclaved soybean
protein .
Experiment 66-7
Results of this experiment are shown in Tabl e 10 .

PouJ.ts were

placed on a 60-minute autocla�ed isolated soybean protein diet with
_ 3520 I . C . U . of vitarnin Dj per kilogram for one week . Following this
initial treatment, poults were randomly divided into equal . weight
groups

and

placed on the various treatments .
..

All treatments contained

3520 I . C.U . of vitamin • D 3 per kilogram.of diet .

Autocl aved isolated

soybean protein gave a highly significant (P�0 . 01) increase in body
weight .

Bone ash was slightly increased by the· use of autoclaved

protein .
From previous experiments (65-2 and . 65-3) soybean meal would have
been e:xpected to increase growth or percent bone ash .

Possibly, the

54
high vitrunin D3 l evel prevented soybean me al from demonstrating a
response .
Mortality was reduced by the use of the autoclaved isolated soy
bean protein .

Mo st of the other treatments had relatively higher

levels of mortality.

Possibly higher levels of vitarnin D3 mask any

beneficial effect exerted by the soybean meal.

Table 10. E ffect of an Acid Extract of Soybean Meal and
Autoclaving Isolated Soybean Protein Fed to Poults.
Experiment 66-7.

Treatment
1.

2.

3.

4.
5.
➔

Basal (3520 I . C . U . D3/kg. )
As 1 but all protein autoclaved
As 1 + 5% soybe an meal
As 1 + 5% acid- ext. SBM
As 1 + 5% res. acid ext. SBM

Body Wt .
(grams)

Bone
Ash (%)

Percent
Mortality

262. 5
399 . 1
263. 7
241 . 9
236. 7

36. 5
3 9. 9
35. 5
35. 1
35. 3

40. 1
20. 1
42. 8
40. 1
40. 1

�f1}

H:- Significantly (PL-0. 01 ) different from treatment 1.

Experiment 66-8
The results of this experiment are presented in Table 11.

Poults

were placed on an autoclaved isolated soybean protein diet containing
3520 I. C. U . vitamin D3 per kilogram for one week.

Following this

period, poults were placed on various treatments by the method used in
exp eriment 66-7.

A cellulose product (Solka-floc ) was included at

4%

of these diets to provide. additional fiber .

In this experiment , two levels of vitamin D3 (3520 and 10 , 560

I . C . U . /kg. ) were used to test effects of the substitution of yellow corn
or residue of corn extract and addition of corn extract to the basal
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diet.

A 6.7 percent substitution _of yellow corn produced a highly

signifi cant (P' 0 . 01) body weight response at both vitami n n3 levels.

At the higher levels of vitamin n3 · (10 , 560 I . C . U./kg. ) , a significant
bone ash response was obtained with the diet containing 6 .7 p�rcent

yellow corn.

The corn acid extract and its· residues failed to show

a significant response indicating that the factor (s) had not been con-

centrated in the extract ,
Table 11.
,

Effect of Level of Vitamin n3 and Corn Extracts on Poults.
Experiment 66-8 .

Treatment
1.
2.

3.

4.

5.

6.
7.
8.

*
**

I

.J .

Basal (3 520 I . C . U . Dy'kg . )
As 1 + 6 .7% yellow corn
As 1 + 6 .7% acid ext . corn ·
As 1 + 6.7% res . acid ext . corn
Basal (10 , 560 I . C . U . D3/kg . )
As 5 + 6.7% yellow corn
As 5 + 6.7% acid ext . corn
As 5 + 6.7% res . acid ext. corn

Body Wt.
(�ams}

3 69. 5
467 . o ➔� *
396. 2
3 89. 2
429. 2
453. 2 *,}
3 97. 9
3 98.3

Bone
Ash {�)
30 . 8
33.9
29. 8
3 0. 0
34. 0
3 5. 2
31. 8
32. 4

Percent
Mortalit�
. 23.3

20 . 0

33 . 3
7f

26.7
20. 0

20 . 0

3 6.7
46.7

*

Significantly (P'0 . 05) different from treatment 1 .
Significantly (P£,.O . Ol) _different from treatment 1.
In general , the higher level of vitamin D3 appeared to increase per

cent bone ash.

It is possible that the vita.min D3 levels were high

enough to mask significant body weight and bone ash responses to the
corn extracts and residues •

. Mortality in treatment eight was significantly (P'-0 . 05) higher than
treatment one . · The reason for this is unknown.

With the higher vita.min

. n3 levels , mortality should have been reduced. _Mortality levels in the
other treatments were relatively low for this type of study.
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Ex eriment 66-9
Result s of thi s expcrim.ent are presented in Tabie 12.

The e xper

iment was conducted in a factorial · design to determine what effects auto
claved prote in , di calcimn phosphate so1u..co, and level of vi tarnin D3
had on two strains o f tu_rkcys .
poul ts were used in thi s study .
strain.

Broad Bre asted White and Small White
Eight diets (Table 8) ,:rere fed to each .

All isolated so be an pro·vein used in this study was autoclaved

for 80 minutes.

Sour ces of dicalcil:rrn pho sphate used were the cowJI1ercial

feed grade product used previously and a U . S . P. dihydrated form (Ca��4 •
2 H2 o U. S. P . ).

Howcwer , four percent dicalcium phosphate and one and ·

one-half percent lime stone were used in this study rather than three
and one percent re spectively as in prior experiments.
Treatment 1 (A_, FG, 1.X ) using Broad Bre asted vn1.ite poults was se
lected as a control for making comparisons by Dunnett 1 s test.

F tests

of the analysis of variance (see Appendix T ables 1 ,3 14, and 15) of the
factorial de sign showed a significant (Pt..0 . 05 ) difference between the
levels of vitamin D3 in body weight, percent bone ash and mortality.
Also the U . S . P. hydrated di calciu.m phosphate showed highly significant
(P4-0 . 0l ) improvement in body ·weight and bone ash values.

The U . S. P .

dihydrated di calcium pho sphate signi fi cantly (PA..0 . 05) lowered rn.ortali ty • .
Autoclaved protein significantly (P 0 . 05 ) increased body weight ,
signifi cantly (P,-0 . 0:; ) decre ased mortal ity , and significantly (PL-0 . 01)
increased percent bone ash .
The re sults illustrated on Table 12 indicate that U . S . P . dihydrated
d i calciwn phosphate produced incre ased body weight (except with Small
Wnite poults ) and bone ash valv.e s on either protein source.

It ·would
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· Table 12. Effect of Autoclaved Protein , Source of Dicalciuro Phosphate ,
and Level of Vitamin n3 on Two Strains of T1:1-I'key Poults.
Experiment 66-9.
Bod� Wt. (grams)
B . B .W .
s .w.

Treatment

'

Al FG2 1 x3
A, FG, 2 X
A, USP, 1 X
A, USP, 2 X
U A , FG , 1 X
UA , FG , 2 X
UA, USP , 1 X
UA, USP , 2 X

1.

2 .-

3.

4.

5.
6.
7.
8.

357. 1
543 . 9
465. 2
546. 8
220 . 4
260 . 8
247 .o
513 . 0

I

373. 9
444. 2
384. 0
403 . 0
301 . 0
329 . 6
398 . 8
479 . 0

�-- *
rn

➔

➔� .

**

Bone Ash
B . B.W.
34. 8

42 . 1

41. 2
45.5
26.1
29. 1
30.7
39. 4

➔}

(%)

-s .w.

40.3 .
45.4 **
44.1 * {}
48.5 **
· 29.2·: **
33. 8
36. 8
.41. 8 **

➔} *
➔}

**
**
*

1Autoclaved (A) or unautoclaved (UA) isolated soybean protein.
2Feed grade (FG) or U.S .P . dihydrated (USP) dicalcium phosphate •
. 3vitamin D3 at 880 I . C . U ./kg. (1 X) or 1760 I. C. U./kg. (2 X).
* Significantly (P�0 . 05) different from treatment 1 (B. B .W. ) .
* * Significantly (P'--0 . 01) different from treatment 1 (B. B .W.) .
Table 13 . Mortality of Poults by Treatment.
Experiment 66-9.
·percent
Mortality
B. B.W.

s .w.
*
**

Treatment
1
52 . 8

33 . 3

2

16 . 7
47 . 2

3

4

25 . 0
33 . 3

5.5
25. 0

5
*�} .

6

72. 2 _ 66. 7
75. 0
66.7

7
36. 1

o.o

8
{·} *

11. 1
11. 1

*
*

Significantly (PL0 . 05) different from treatment 1 (B . B .W. ) .
Significantly (Pt..0 . 01) different from - treatment 1 (B . B .W. ) .

appear that autoclaving the protein enabled poul� s to attain higher body
weight gains and bone development even on the feed grade dicalciuro
phosphate.
Table 12 shows that the higher level (1760 I. C.U ./kg.) of vitamin n3 _

increased body we_ight and percent bone ash of both strains of poults on
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· either autoclaved or unautoclaved protein. It also appears that the
higher level of vita.min D improved body weight and increas.ed percent
3

bone ash of both strains of turkey� on either source of dicalcium phos
phate. Broad Breasted White poults had about four percent less bone
ash evidenced by a significant (P'-0.05) F test for strain. This eff_ect
may be due to the initial bone ash values. Initially, the Small White
poults sho-wed 36.7% bone ash and the Broad Breasted White poults h�d
32.6% _bone ash.

\\

Treatments 2 and 4 (Table 12) with autoclaved protein and 1760
I.C.U. of vita.min D3 per kilogram produced higher body weights than the
practical-type turkey starter diets used in experiment 66-3. Unauto
claved protein with a combination of U.S.P. dihydrated dicaJ.cium phos
phate and 1760 I. C.U. of vitamin D3 per kilogram produced -weight gains

equivalent to those often observed on practical-type diets. Small White

poults did not show the weight gain response as readily as the Broad
Breasted White poults. From this e:xperiment it appears that maxirrn.mi
poult growth and percent bone ash could be obtained by using unauto
claved protein with 1760 ·I. C. U. of vit a.min D3 per kilogram

and

U. S.P.

dihydrated dicalcium phosphate. The use of feed grade dicalcium phos
phate with the high level of vita.min D3 and autoclaved protein wo?,ld

also produce maximum body -weight a.n.d percent
bone ash. Bro.ad Breasted
.

White poults appear to be a more sensitive strain of poults as evidenced
by the greater number of significant responses.
Experiment 66-10
The results of this e:xperiment are shown in Table 14. Broad
Breasted White poults were used

in

this experiment. A basal diet using ·.
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U . S. P. dihydrated dicalciu.rn phosphate was compared with a 10 percent
acid extract of soybean meal in a die t containing the feed grade dical
cium phosphate source . · . Vitamin DJ was supplied at 1760 I. C. U. per
kilogram of diet.

Four percent dicalcilm1 phosphate and one and one

ha=J._f percent limestone were used in this experiment .

Unautoclaved

protein was used in all tre atments .
Treatment 3 gavG significantly (PJ..0. 01) smaller body weights and
less percent bone ash than either diet contai ning U. S. P. dihydrated
dicalcium phosphate .

It appeared that the source of dicalcium phosphate

was more effective than adding a 10% acid e xtract of soybean meal.
Table 14.

Effect of Dicalciurn Phosphate Source and an Acid Extract
of Soybe a.n Meal on Poults.
Experiment 66-10 .

Treatment
1.
2.
3.
➔

Ht

Basal (U. S. P. dihydrated dical)
As 1 + 10% acid ext. SBM
As 2 e xcept feed grade dical

Body Wt .
(grams )
533 . 1
526 . 6

Bone
Ash (%)

2 0 5 • 0 H:- .
➔

40 . 4
37 . 3
26 . 8 -)� 1t

Percent
Mortality
57 . 1
57. 1
85 . 7

Significantly (P"-0. 01) differept from treatme nt 1 .

Experiment 66-11
This experiment had a factorial de sign similar to that of experiment
·66-9 .

All diets co_ntained 1760 I . C. U . of vita.min D3 per kilogram.

Sup

plementation of five percent soybea.n meal was compare d to diets without
soybean meal.

Also autoclaved (A) and unautoclaved (UA) protei n sources

were compared.

U . S. P. dihydrated dicalciu.m phosphate (USP) or a coroJUer

cial feed grade (FG) dicalcium phosphate were used.

Results (Table 15)
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show a significantly (P�0 . 05 ) lower body weight for poults on diets of
�autoclaved protein and feed grade dicalcium phosphate .

Also signifi

cantly (P�0 . 01) lower bone ash values were obtained on both treatments
of unautoclaved protein and feed grade dical .

It appears that the un.;.

identified growth and/or antirachitic factor {s) in soybean meal were not
significantly expressed in this study .

F tests from the analysis of

variance showed nea.rily significant (P�0 . 05) differences between protein
source and level of soybean meal .

Perhaps the high vitamin D.3 level

(1760 I . C . U. /kg . ) largely masked the responses .

F tests indicate a

significant (P�0 . 01) i_nteraction between protein and dicalcium phosphate
for mortality .

Most of the effect is due to the decreased mortality

using U . S . P . dihydrated _4icalcium phosphate .
Table 15 .

Effect of Autoclaved Protein, Source of Dic alcium Phosphate,
and Soybean MeaJ. on Poult Growth and Percent Bone Ash .
Experiment 66-11 .

Treatment

1-.
.2 .
.3 .
4.

5.

6.

?.

8.

A1 , U . S . P . 2, + 5% SBM3
A, U . S . P .
A, FG, + 5% SBM
A, FG
UA, U. S . P . , + 5% SBM
UA, U . S . P .
UA, FG , + 5% SBM
UA, FG

Body Wt .
(�runs)
410 . 5
.373 . 6
451 . 4
368 . 8
_.373 . 8
.370 . 4
.317 . 2 265 . 4 *

Bone
Ash (%)
44 . 8
44. 6
41 ..3
· .3 9 . 4
39 . 4
38.4
Z7 . 9
.30 . 4

* if

* �·

Per cent
MortaJ.it:z
2.3 . 3
4.3 .3
16 .7
_. 2.3 . 3
1.3 .3
·1 0 . 0
40 . 0
50 . 0

1 Autoclaved (A) or unautoclaved (UA) isolated · soybean protein.
2u. s .P . dihydrated (U . S .P . ) or a commercial feed grade (FG) dicalcium.
phosphate .
3 Five percent soybean meal .
* Significantly (PL-0 . 05) different from treatment 1 .
* * Significantly (P�0 . 01) different from treatment 1 �
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Exper:i.Jnent 67 -1
The resuits of this experiment are shown in Table 16 .

Two levels

of soybean meal , corn, . soybean meal extract and corn extracts and their
residues were as sayed for unidentified factor (s) .

All diets <;ontained

17 60 I. C . U . of vitamin D3 per kilogram , four percent U . S. P . dihydrated

dicalcimn phosphate (CaHP04 • 2 H2 0 U . S . P. ) , and one and one-half per
cent limestone.

Tl:\� diets were prepared prior to the experiment and

unfortunately had to be stored for two weeks because the poults did not
arrive.

It seemed probable that some vitamin destruction occurred

during this period as evidenced by high mortality.

In order to try to

save the experiment, poults were taken from the purified diets and
placed on the standard turkey starter practical-type diet for four days.
Meanwhile , additional vitamins were again added to the purified diets at
the original concentrations.

Possibly , the high vitamin level caused

all treatments to have equally high bone ash values; therefore , this
masked the assay for antirachitic activity.
However, significant body weight responses (P'-0 . 05) were obtained
with either five percent soybean meal or corn .

Supplementation of 10

percent soybean meal or corn produced a significant (P4-0. 0l) growth
response .

Diets containing five and ten percent equivalents of soybean

meal acid extract produced significant growth responses (P�0 . 05).
Further evidence that the growth factor was extracted with the acid
extraction was provided by the reduced growth from the soybean meal
residue of the acid extract.
The acid extract of corn or its residue produced a significa..n.t
. (P'-0. 05) increase in body weight at the ten percent equivalent level.
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The response obtained at the five _ percent equivalent was not signifiqant.
�t appeared that the growth factor (s) was not extracted completely from
corn.

Also soybean meal seems to be a more concentrated source of the

factor (s) than corn .
Mortality appeared to be reduced by any of the substitutions or
additions of the various extracts to the diets.

Diets containing ten

pe_rcent soybean me�, five and . ten percent corn, or five percent acid
extract of soybean meal had significantly (P�0 . 0 5) lower mortality than
the basal.
Table 16.

Effect of Extracts of Soybean Meal and Corn on Poult Growth
and Percent Bone Ash.
Experiment 67-1.
Treatment

Basal (1760 I . c . u. n3/kg. )
As 1 + 5% soybean meal
As 1 + 10% soybean meal
As 1 + 5% yellow corn
As
1 + 10% yellow corn
5.
6. As 1 + 5% acid ext. SBM
7. As 1 + 5% res. acid ext . SBM
8. As 1 + 10% acid ext. SBM
9. As 1 + 10% res . acid ext . SBM
10. As 1 + 5% acid extract corn
11. As 1 + 5% res . acid ext. corn
12. As 1 + 10% acid extract corn
13. As 1 + 10% res . acid ext. corn
1.
2.
J.
4.

Body Wt.
{grams)
256 . J
362 .2 {f
394.2 **
357. 3 ➔f
380 .5 ➔* *
351.7 i*
304.2
354 .7 ➔*
_340. 6
327 . 1
. 326. 9
344. 4 *
350. 0 -Y-

Percent
Bone
Ash (%) Mortal.ity
47.7
47. 1
46. 6
47. 2
48 . 4
46. 4
46. 8
45. 4
47. 1
49. 3
46. 4
45.7
47.1

8J.J
45. 8
29.2
25. 0
29.2
29 .2
45. 8
L;l.7
45.8
50.0
54.2
L;l.7
37. 5

*
*
*
i}

* Significantly : (P'-0 . 05) different from treatment 1.
** Significantly (P�. 01 ) ·different from treatment 1 .
Experiment 67-2 ·
The extracts l�ft over from eJ<periment 67-1 were used
iment.

in

this ·exper

The purpose was to assay the extracts for growth or antirachitic
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A lower level of � itrunin D3 .

activ ity without a diet storage period.
was used (880 I . C . U . /kg.).

Autoclaved isolated soy protein was used.

Although no significant growth, percent bone ash or mortality
differences were observed, it appears that both the corn and soybean
meal extracts contained some activities.

Results are presented in .

Table 17 .
Table 17 .

\ I

Effect of Soybean Meal a.nd Corn Extracts Upon Poult Growth
and Percent Bone Ash.
Experiment 67-2 .

Treatment
1.

2.
3.
4.
5.

Basal (880 I . C . U . D3/kg . )
As 1 + . 5% soybean meal
As 1 + 5% acid extract SBM
As 1 + 5% yellow corn
As 1 + 5% acid extract corn

Body Wt.
(grams)

Bone
Ash (%)

Percent
Mortality

256 . 5
294 . 0
303 . 1
290 . 2
27 5 . 9

34 . 9
37 . 8
38 . 1
39 . 1
37 . J

36 .7
43 . 3
46 . 7
36 . 7
33 . J

GENER.AL PISCUSSION
High mortality of pouJ.ts on the purified diets used have made it
difficult to obtain meaningful information during these studies. Efforts
were made to use a diet which would adequately support grm,rth and life.
The many variable s of the experilnental conditions produced a high
error term in most experiment s, making extremely high differences
\ \

necessary to be significant.
Poults probably varied in the amount of vitamin D carryover from
the dam so several weeks were necessary to demonstrate any differences.
The four weeks period may have been too short a period for this assay.
The carryover from the dam could have varied with her diet and the
individual" differences in requirements.

The amount of irradiation of

7-dehydrocholesterol to vitamin D3 due to sunlight pas sing through
uncovered windows may have been a variable, although probably not

significant.

Genetic or physiological differences were evidenced by

extreme variation in body size of poult s in the same replicate of any
given treatment .

Cold drafts of air during the winter months may have

caused temperature differences which were undesirable.

Although the

many variables were difficult or impossible to control, the statistical
analysis should have eliminated much of the chance for erroneous con
clusions.
Ample evidence was obtained in this study to indicate the presence
o f a gro�rth and an ant irachitic factor (s) in soybean meal and yellow
corn.

Significant (P 0. 01) body weight increases, percent bone ash

i ncreases, and mortality decreases were obtained with the inclusion of

65
n.ve percent soybean me al or ten per cent corn in the diets . Soybean
meal appe ared to be a more concentr ated so ur ce o f the · UIU•
.
d en·t 1. fied
. .
.
tactor (s ) . It appeared that at least four percent :fiber in the form

ot cellulose was a desirable inclusion in the purified diet .

Various extracts of yellow corn and soybe an meal were prepared

and assayed for a growth and/or antirachitic factor ( s) •

A wate r

extract of soybean meed produced a significant (PL0. 0 5) increase i�

percent bone ash in one exper iment. R epeatedly, significant (P'-0 . 01)

body we�ght and bone ash re sponses were obtained with the residue of
a water extract of soybean meal .

This indicated that the water ext rac

tion procedure had failed t o comp letely remo ve the unidentified factors .

The acid extracti on pro ce dur e was adapted in order to more completely
extract any factor (s) -.

Signifi cant (P.L- 0 • 05) body weight increases a nd

decre ased mortal ity values wer e obtained from the a cid ext racts o f soy
t
c
be an meal . No response was obt a i ned from he residues o f t he a id
ye
e xt ract indicatin g t hat t he fa cto r (s) had been remo ved or destro d in
the ext raction pro cess .

iled to produce any signifi cant
A water extrac t of yellow corn fa
h
extraction of . corn ·
response s . However, the re si dues from t e water

t and bone ash responses.• This
p roduced signif icant (p .-....,
� . o1 ) b o dy weigh
ot been ext rac ted o r was destroyed by
indi cated that the fac tor ( s) had n
ber of the corn residue exe rted a
the process , or that the add it ional fi
beneficial. effe ct.

co rn pro duced significant (P�0 . 05) body
An acid extract of ye l l 0W
d at the ten percent equivalent level� This weight increases when in c lude
s obser ved even with vitamin n levels
re sp onse to corn acid e-�..-4-u r ac t wa
3

L

66
up to 10 , 560 I. C. U. per kilogram of diet.

However, the residues of the

corn acid extract also produced significant (P�o . 05)' body weight
increases, indicating that the growth factor had not been completely
removed in the extraction , or that the increased fiber of the . residue
exerted a beneficial effect .
An ethanol extract of yellow corn and an ethanol extract of water
e�tracted soybean meal re sidue failed to show any significant responses.
However , the corn residue did produce a significant (P�0. 01) increase
in body we ight, and a sig nificant (P1..0 . 05) increase in percent bone ash.
This showed that the factor (s) in yellow corn may have been both growth
promoting and calcification-promoting in nature but could not be removed
by ethanol in this study.
Ash of commerqial soybean meal failed to produce any significant
responses in this study.

This would indicate that the factor (s) were

organic in nature.
Several levels of vitarnin DJ were used in the various experiments.
An increase in vitamin DJ from twice to ten times the N. R. C. recommend
ations produced significant (Pi-0.01 ) increases in body weight , bone ash,
and decreased mortality.

Adding vitamin DJ at ten times the N.R . C.

recommendations to a basal diet containing five percent soybean meal
produced significant (Pb0. 05 ) increases in both body weight and percent
bone ash.

This indicates that the factor (s) in soybean meal was not the

same as vitamin DJ, or that soybean meal did not replace vitamin DJ
per � Vitamin DJ produced significant (P'-0.01 and P&0. 05) body weight and
bone ash responses when added at twice the N. R. C . recOIDJDendations to
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diets containing autoclaved isolated soybean protein and either feed
grade or U.S. P . dihydrated dicalcium phosphate.

Simllar responses

were observed using unautoclaved isolated protein.
A daily oral dose of vitamin n3 equivalent to 17 60 I. C.U. of

vitamin n3 per kilogram of diet or a fresh addition of vitamin n3 to
the basal diet each week (17 60 I. C. U. /kg. ) failed to show any signi
ficant differences from a basal diet with the vitamin mixed in prior
to the experiment.

This indicated that poults received essentially

adequate vita.min n3 in the diet when mixed prior to the experimental
period.
Several experiments were design�d to test effects of a lower zinc
level.

A yitamin D3 level of 2200 I. C. U . per kilogrrun of diet and a

zinc level of 50 p._p. m. produced significantly (PL-0. 05) higher body
weights than either a similar or higher (8800 I. C. U.) vitamin D3 level
with 145 p. p. m. of zinc.

Also a significant respons� (P&.0. 05) in per

cent bone ash was observed using 50 p.p . m. of zinc and 8800 I. C. U. of
vitamin D3 in a.�other experiment.

These differences were small and

inconsistent so it was felt that the zinc level could remain at 145
p.p.m. without harmful effects from high calcium or vitamin D.

However,

this area may need more investigation to determine if there are any
antagonisms present.
A dihydrated � . S . P. calcium and phosphorus source produced a signi
ficant (PL.0. 01) increase in body weight and percent bone ash , and a
significant (Pi-0. 05 ) decrease in mortaiity when compared to a commercial
feed grade dicaicium phosphate. This would indicate that the
. dihydrated product was more available to poults u_n.der these

U. S. P •
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exp erimental conditions.

Autoclaving the isolated soybea..n p rotein for 60 . minutes @ 120° C

produced higher body weight s , higher percent b�ne ash ,
mortality in general .

and

lower

A combination of autoclaved protein , a .high

vitamin D3 level , and U. S .P. dihydrated dicalcium phosphate produce_d ·

high body weight and bone ash of poults such that it was difficult to

demonstrate a significant response from any other variable .

However ,

a combination of u.nautoclaved isolated soybean protein, feed grade
dicalcium phosphate , and a low vitamin D3 level produced low body
weight, low bone ash values ,

and

high mortality.

It appears that a

p roper balance between type of protein ., calcium and phosphate source,
and vitamin D3 needs to be· used to assay for a growth and/or anti
rachitic factor (s). _

--
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SUMMARY

Experimernts were conducted with turkey poults to determine any
growth and/or a.:..ritirachitic · responses from unidentified factor (s) in
soybean me al and corn .

Various substitutions or additions of soybean

meal or corn , their extracts , or residues of the extracts were made to
an isolated soybe an protein purified diet.

Vitamins were supplie d in

a11· diets in excess of N . R . C. recommendations.
in ade quate quantities.

:Minerals were supplied

Thre e types of extracts were assayed for

gro�rth and/or antirachitic responses.

These were a water extract, an

ethanol extract, and a.:ri acid extract of soybean meal or yellow corn.
Supplementing either corn or soybean meal into the basal diet
greatly increased growth, percent bone ash (of dry, defatted bone),
and decreased mortality of pou.l ts.

Soybe an meal appe ared to be a

more concentrated source of the factor (s) as evidenced by a greater
· number of significant responses.
The unidentified factor (s) were not as readily extracted from
soybe an meal with water as with an acid proce dure.

The water extract

of corn failed to chow significant re sponses whereas acid extracts of
corn or soybean meal improved growth as well as bone cal cification .

The

ethanol extracts of corn or soybean meal failed t o give any ·responses.
Autoclaving the isolate d soybean protein for 60 minutes @ 120° C
improved growth, percent bone ash, and decrease d mortality.

Also,

U. S. P. dihydrated dicalciu.m pho sphate showed beneficial effects when
used in place of a cormnercial dicalcium phosphate .
more evident when unautoclaved protein was used.

This effect was
A 145 p .p . rn . level

70
of zinc compared to . a 50 p.p. m. level did not consistently influence
responses.
Levels of vitamin .D3 .in excess of the N.R � C. re quirements improved
growth and percent bone ash with either source of dicalcium phosphate �
Mortality was de.creased with additional vitamin n3 in some experiments .
However , mortality was not a desirable criteria for assaying for the
unidentified factor (s).

·Also , a Broad Breasted White strain of poults

may be a more desirable strain for this assay tha.n the Small White
strain as evidenced by the greater number of significant responses .
It appeared that a proper balance of vitamin D3 , available calcium
and phosphorus, fiber , type of protein, a.n d other vitamins must be
attained for a desirable assay for the unidentified factor (s).
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Ap pendix Table 1 .
National Research Coun cil (N . R . C. ) Nutrient Re qUirements
of Starting Poults1 (o.:..8 weeks ) .
( In percentage or amount per kilogram of . diet )
Total Protein (%)

28 . 0

Vitamins
Vitamin A activity , U . S .P . Units
Vit amin D, I.C . U .
Vita.min E
Vita.min Ki , mg .
Thiamine , mg .
Riboflavin , mg .
Pantothenic acid , mg.
Niacin , mg ;.
Pyridoxine , mg .
Choline , mg :
Folacin , mg .
Vita.mj_n Bi_2 , mg.

J.

4000.0
900.rl
Varies
0 .7
2.0
3 .6
11 . 0
70 . 0
3 .0
1900 . 0
0.9
0 . 003

Minerals

· Calcium, %
Phosphorus3 , %
Sodium4 , %
Potassium , %
Manganese , mg • .
- Iron , mg .
· Copper , mg .
Zinc , mg .

1 .2
0.8
0 .15
0.4
55 . 0
60 . 0

6.o

70 . 0

---1These figures are estimates of requirements and include no . margins of
safety .
2The 1960 N . R.C. re commendation� a.re 880 I � C.U. of vita.min D per
3
kilogram of diet .
3At least 0 . 5% of the total feed should be inorganic phosphorus .
4Equivalent to D . 37% of sodium chloride .

8i
.Appendix Table 2 .
Specifications and Uses of C-1 Ass ay Protein. *
Assay Protein C-1 is

a

high purity chemically isolated soy protein ,

widely used in nutritional research .
no . supplementation with gelatin .

It i� a complete protein requiring

Because Assay Protein _ C-1 is low in

vitamins and minerals , it ca.rt be used for evaluating the vitamin interrelationships and nutrient requirements for various animals.

Its econ-

omy has enabled nutritionists to e:xpand research with experimental
animals.

It is used in diverse studies utilizing growing chicks , lay

ing hens , turkey poults , weanling and growing pigs , sheep, calves , rab
bits , guinea pigs and rats .
Specifications
Protein ---------90% or more (moisture free , N X 6 .25 )
Moisture ----9 . 0% + 1 . 59
Ash ------------Les s than 2. 5% (mofsture free)
· Fat -----------Less than O . 5% (moisture free)
-Less than 0 . 05% (moisture free)
. S02 ----The remainder , about._ 6% , is composed of carbohydrates and
phosphorus and sulfur . compounds . A major portion of these
is held in close association with the protein . The phos
phorus compounds are largely organic , amounting to about
2% of the balance and include phytin and sugar phosphates.
The sulfur portion approximat1ng 1% consists largely of
inorganic sulfate . Carbohydrates amounting to about 2 ·. 5%
include s imple sugars , hemicellulose and cellulo_se .
*Skidmore Enterprises , Cincinnati , Ohio .
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Appendix Table 3 •
Vitamin and Amino Acid Analysis ·or C-1 Assay Protein. ➔f·
The vitamin and amino aoid . COirq:)OSition of As say Protein C-1 has been
determined by microbiological as say, with the exception of thiamine for
which the thiochrome method was used . The accuracy of microbiological
as says is approximately .± 5% .
A large portion of the water soluble vitamins are removed during the
i solation of Assay Protein C-1.
Vitarnins -Values are expres sed as micrograms per gram of moisture
free protein .

J

Amino Acids -The first 10 in the listing, arginine through valine, are
the familar " essential 1 ' amino acids . Glycine also is e s sential for
chicks • .All values are expres sed as grams of amino acid per 100 grams
of moisture-free protein .
Rations for experimental animals may require supplementation with methi
onine and/or glycine depending upon the animal 1 s requirements and upon
the level of C-1 used. Appropriate literature sources should be con
sulted .
.Amino Acid Analysis

Vitamin Analysis
Micrograms
0 .3
Biotin
2 . 09
Choline
0.92
Citrovorum Factor
2.5
Folic Acid
30Q.O
Inositol
6 •. o
Niacin
None
Panthenol
4.2
Pantothenic Acid
0 .7
Para-.Arninobenzoic Acid
P yridoxine
5 .4
1.2
Riboflavin
0.25
Thiamine
0.0005
Vitamin B:i._2

-----

*Skidmore Enterprises , Cincinnati, Ohio .

Arginine
Histidine
Isoleucine
Leucine
Lysine
Methionine
Phenylalanine
Threonine
Tryptophan
Valine
Glycine
Alanine
Aspartic Acid
Cystine
Glutamic Acid
Praline
Serine
T�osine

Grams
8.3
2. 6
6. 5

7 .5

6. 8
1. 9
5.0
3. 9
1. 0
5. 5
4.1
3. 6
. 6. 2
o.6
.19 . 5
2. 5
6. 9
3.4
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Appendix Table 4 .

Analysis of Variance

· Experiment 65-2
Source of Degrees of
Variation Freedom
Body Weight

Bone Ash

Sum of ·
Squares

Mean
Squares

Tests

20

250, 036.4

12,.501.8

8 . 4 . **

Treatment

5

232, 276.1

46, 455.2 28.4 **

Block

2 ·

· l, 3f!f7.7

693.8
1, 637.3

Total

Error

10

16, 372. 6

Total

20

969.3

5

924 . 3

2

20. 3

Treatment
. . - -

Mortality-I

Block

-- - - - --

48.5 19.6
10.1

10

24.7·

Total

20

6, 545.0

..5

5, 946.4

. Block

2

230.3

115.2

Error

10

368.3

36.8

1Analyzed by inverse sine transformation.
* Significant (P�0. 05) level of probability.
** Significant (��0. 01) level of probability.

**

184.9 74. 8 **

Error

Treatment

0.4

4.1

· 2. 5
3Z7.2

8.9

**

1,189 . 3 32.3 **
3.1

Appendix Table 5. - Analysis of Variance
Experiment 65-3

Body Weight

Bone Ash

Mortalityl

Source of Degrees of
Variation Freedom

Sum of
· Squares

Mean
Squares

Tests

Total

23

214, 277. 4

9, 316. 4

4.3

Treatment

6

180, 885.3

30,147. 6

14. 0

Block

2

5, 485. 0

2,7/42. 5

1. 3

Error

13

27, 9CJ7.l

2,146�7

Total

23

1, 046.5

45.5

13 . 4

Treatment

6

952. 2

158.7

46.7

Block

2

50.1

25.1

7 .4

Error

13

44.2

3.4

Total

23

5, 239.2

22:1. 8

2.5

Treatment

6

4, 016.3

669.4

7.4

Block

·2

53.3

26. 6

0 .3

· Error

13

1, 169 . 6 .
_../'

1 Analyzed by inverse sine transformation .
* Significant (P�0 . 05) level of probability.
* * Significant (P�0 . 01) level of probability.

90.0

*
**

**
**
,B�

*
**
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Appendix Table 6 .

Analysis of Variance

Experiment_ 65-4
Source of · Degrees of
Variation Freedom
Body Weight

Bone Ash

MortaJ..ityl

Sum of
Squares

Mean
Squares

F
Tests

** .
*

23

170, 2 94 . 4 .

7,404 .1

6 .·2

Treatment

7

151, 512 .4

21 , 644 . 6

1$ . 3

Block

2

. 2 , 199 . 6

1 , 099 . 8

0.9

Error

14

16 , 582 . 4

1 , 184 . 5 .

Total

23

1, 116 .7

48 . 6

Treatment

7

f!f77 . 2

12 5 .3

Block

2

3 .4

1 .7

Error

14

; 2 36 . 2

16 . 9

· Total

23

6, 534 . 6

2 84�1

2 . 4 ·*

Treatment

7

4, 891 . 0

698 �7

6 . 0 1(*

Block

2

· 10 .1

0 .1

Error

14

Total

20 . 2 . ·
1, 623 . 5

1Analyzed by inverse sine transformation ;·
* Significant (P�o . 05 ) level of . probability .
** Significant (P� 0.01 ) level of probability.

116 . 0

2.9

➔(

*

7 . 4 ➔rn
0.1
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Appendix Table 7 .

Analysis of V a.riance

Experiment 66-1
Source of . ne·grees of
Variation Freedom
Body Weight

Bone Ash

Sum of
Squares

Mean
Squares

Tests

17

281 , 460. 8

16 , 55 6. 5

J .l *

Treatment

5

1 93 , 842.7

3 8 ,768 . 5

7 . 2 **

Block

2

33 , 556. 1

16,77 8 . 0

3 .1

Error

10

53 , 962. 0

5 , 396. 2

Total

17

398 .7

23 . 4

5

340. 0

68. 0

23 .2 *�-

2

29. 4·

14.1

5.0 *

Tot"al

Treatment
Block
Error
Mortalitr

-

-

Total

-- - ·- --

10
17

Treatment

29. 3 .

8. 0 **

2. 9

2547 . 8

149 . 9

1 .1

905. 5

181 . 1 .

1 .3
1 .0

Block

2

266. 2

133.1

Error

10

1376. 1

137 . 6

l Analyzed by inverse sine transformation.
* Significant (P�0.05 ) level of probability .
** Significant (P�0 . 01) level of - probability .

.Appendix Table 8 •

.Analysis of Variance

. Expe�iment 66-2
Source of Degrees of
Variation Freedom
Body Weight

Bone Ash

tr

. Morta.ii

Sum of
Squares

Mean
Squares

· F
Tests

23

240,740 . 5

10 , 467. 0

3 .2 *

Treatment

7

191 , 361 . 9

27 , 337. 4

8._?

Block

2

4 , 145 . 3

2 , CJ72. 3

o. 6

Error

14

45 , 233. 3

3 , 231. 0

Total

23

874.9

38. 0

Treatment

7

652. 6

93. 2

Block

2

25. 7

12.9

Error

14

196 . 5

14. 0

Total

23

5 ,764. 4

250 . 6

1 .3

Treatment

7

2 , 833. 5

404. 8

2 .1

Block

2

178 . 3

Error

14

2 ,7 52. 6

Total

1Analyzed by inverse sine transformatio n .
* Significant (P�0.05 ) level of probability.
** Significant (P�0 . 01 ) le�el of probability.

2.7
0 .9

89. 2 . . · 0 .4

196. 5 ·

H·

*.
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Appendix Table 9.

Analysis of Variance

Experiment 66-3
Sum of
Squares

Mean
Squares

. ·F
Tests

14

20 , 276 . 4

1 , 448 .?

0�8

Treatment

4

982 .2

Q.6

Block

2

3 , 928 . 5

1 ,3/41. .2

0.8

Error

8

2 , 682 . 5
13 , 665 03

1 ,708 .2

Total

14

45 .7

3 .3

1 .1

Treatment

4

21 . 9

5.5

1 .9

Block

2

0 .4

0 .2

0.1

Error

8

23 . 4

2 .9

Totai

14

610.4

43 . 6

o.8

Treatment

4

138 .1

34. 5

0 .7

Block

2

8.8

0.1

Error

8

4.4

463 . 4

57 . 9

Source of · Degrees of
Variation Freedom
Body Weight

Bone Ash

l
. Mortality

Total

lAnalyzed by inverse sine transformation �
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Appendix Table 10 .

Analysis of Variance

Experiment 66-6

Body Weight

Bone Ash

. Mortalityl

. .F
Tests ·

Source of · Degrees of
Variation Freedom

Sum of
Squares

Total

17

24, 046. 8

1 , 414. 5

1. 6

Treatment

5

5 , 999.1

1 , 199. 8

1. 3

Block

2

8 , 941. 8

4 , 470. 9

4. 9

Error

10

9 , 1 06.· o

910. 6

Total

17

57. 6

1. 0

Treatment

5

20.4

1 .3

Block

2

4. 9

0.8

Error

10

32.4

Total

17

1 , 3 80 . 4

81. 2

1.2

Treatment

5

520. 5

104.1

1. 5

Block

2

1 58. 2

79. 1

1.1

Error

10

701.7 .

lAnalyzed by . inverse sine transformation .
* Significant (P�0 . 05 ) level of probability.

Mean
Squares

70.2

*
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.Appendix Table 11 .

Analysis of Variance

Experiment 66-7

Body Weight

Source of Degrees of
Variation Freedom

Sum of
Squares

Total

14

64 , 402. 9

4 , 600.2

5.1

4

54, 23 8. 3

13 , 559. 6

15 t! :O

Blo ck

2

2 , 930.2

1 , 465.1

1.6

Error

8

7 ,234. 4

904.3

Total

14

106.1

7. 6

1.2

Treatment

4

48. 8

12. 2

1 .9

Block

2

6. 3

3.2

0.5

Error

8

51. 0

6.4

Total

14

_ 1 ,741.8

124. 4

Treatment

4

5 22. 8

130 .7

Block

2

3 5. 3

17.7

Error

8

-1 ,183 .7

1 48. 0

. Treatment

Bone Ash

Mortality-I

_... .

1AnaJ.yzed by inverse sine transformatio n .
* Significant (P"-0.05 ) level of probability.
** Signific ant (P�0. 01 ) level of probability.

Mean
Squares

. Tests

0.8
0 .1

*

**
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Appendix Table 12 .

Analysis of Variance

E::xperiment 66-8

Body Weight

Bone Ash

Source o"r· Degrees of
Variation Freedom

Sum of
Squares

Mean
Squares

Tests ·

Total

23

37, 914. 0

1, 648. 4

1.7

Treatment

7

23, W/. 4

3, 4].5. 3

_;•

Block

2

565.0

282.5

Error

14

13, 441 . 6

960.1

Total

23

· 167. 6

72. 9

7

84. 2

12. 0

2

31.9

· 15. 9

Error

14

·51.6

3.7

Total

23

1, 286. 8

56. o

1.8

Treatment

7

821.7

117.4

3.8

Block

2

36. 3

18. 2

o.6

. Error

14

428. 8

30.6

· Treatment
Block

Mortalityl

- -- - -

l Analyzed by inverse sine transformation.
* Significant (P�0. 05) level of probability.
** Significant (P�0. 01) level of probability.

.3

6

*

0 .3

19 . 8 *�-

*
4. 3 *
3. 3

*
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·.Appendix Table 13 •
Analysis of Variance of Body Weight .
Experim�nt 66-9 ·
Source of
Variation
Total
Replicate (R)
Vita.min (V )
RV
Calcium (C )
RC

vc .

RVC
Auto claving (A)
RA
VA
RVA
CA
RCA
VGA
RVCA
Strain (S )
RS

vs
cs

RVS

RCS

Yes

.RVCS
AS
RAS
VAS
RVAS

GAS
RC.AS
VCAS
Residual

*
**

Degrees of
Freedom
47
2
1
2
1
2
1
2
1
2
1
2 --· - ·
1
2
1
2
1
2
1
2
1
2
1
2
1
2
1
2
l

2
1
2

Sum of
Square s
542 , 163 . 2 ·
2 , 585 . 3
111 , 988 . 4
4,770 . 1
. 68, 818 . 9
1 , 336 . 8
2 ,734 . 6
3 , 827 . 9
110 ,716 . 8
5 , 996 . 0
621 .4
3 ,708 .4
37 , 280 . 0
8 , 305 . 2
35, 278 . 8
989 . 8
313 . 6
582 .3
26 , 616 . 2
2 , 289 .3
5 , 652 . 8
4 , 995 .7
2 ,7CJ7 . 5
6 , 231 . 7
61 , 970 . 6
6 ,420 . 0
63 .7
4 , 410 . 5
2 , 286.7
5 , 879 . 4
9 ,744 .1
3 , 040 . 8

-·

Significant (P£.0 . 05 ) level of prob�bility .
Significant (P�0 . 01) level o f probability.

Mean
Square s
1 , 292 ; 6 ·
lll , 988 .4
2 ,385 . 0
68 , 818 . 9
668 . 4
2 ,734 . 6
1 , 913 . 9
110 ,716 . 8
2 , 998 . 0
621 . 4
1 , 854 . 2
37 , 280 . 0
4, 152 . 6
3 5 , 278 . 8
494 . 9
313 . 6
2 91 . 1
26 , 616 . 2
1 , 144 .7
5 , 652 . 8
2 , 497 . 8
2 ,7(17 . 5
3 ,115 . 8
61 , o//0 . 6
J , 210 . 0
63 . 7
2 , 205 . 2
2 , 286 .7
2 , 93 9 .7
9 ,744 . 1
3 , 040 . 8

F
Tests

47 . 0
103 . 0
1 .4

36 . 9

*
**
*

0 .3
9 .0
71 .3

*

. 1 .1
23 .3

➔�

2 .3
0 .9
· 19 .J {}

o .o

0.8
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Appendix Table 14.
Analysis of Variance of Bone Ash.
Experiment 66-9
Source of
· Variation
Total
Replicate (R)
Vita.min (V)
RV
Caj.cium (C)
RC

vc

RVC
Autoclaving (A)
RA
VA
RVA
CA
RCA
VGA
RVCA
Strain (S)
RS

vs
RVS
cs
RCS
vcs

. RVCS
AS
RAS

VAS
RVAS
GAS
RCAS
VCAS
Residual

*
**

Degrees of
Freedom

Sum of
Squares

47
2
1
2.
1
2
1
2
I
2
1
2 __
1
2
1
2
1
2
1
2
1
2
1
2
1
2
1
2

2,229. 1
8. 6
330.5
8.7
424 . 1
3.2
1.3
13. 4
1, 070. 4
5. 9

4. 3
330. 5
4. 4
424 . 1
1.6
1. 3
6.7
1, 070. 4
2. 9

5.4
37. 8
3.1
19. 6
23. 5
177. 1
6.6
3.7
10. 0
0.7
1. 0
1. 4
20.6
0. 4
15.7

2.7
37. 8
1. 6
19.6
11. 7
177. 1
3.3
3.7
5.0
0.7
0.5
1.4
10. 3
0. 4
7.8

2.0
3�0
20. 1
9. 3
2. 1

1.0
3.0
10. 0
9. 3
1.0

1

2
1
2

o.o

--

o.o

Significant (P�0. 05) level of probability .
Significant (P�0. 01) level of probability.

Mean
Squares

o.o

o.o

F
Tests

268.4
0.2

**

360. 4

**

24. 4

*

o.o

1.7
53.6
0.7
0. 1
0. 1

o.o

0. 3

9. 0

*
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Appendix Table 15 .

Analysis of Vo.r iance of }fortality-1 •
. Experiment Gi6-9 .
Source of
Variation

Degrees of
Freedom

Tot al
Replicate (R )
Vitamin (V )
RV
Cal cium (C )
RC

47
2

RVC
Autoclaving ( A )
RA
VA
RVA
CA
RCA
VCA
RVCA
Strain (S )
. RS

2

vc

vs
RVS
cs
RCS
vcs

RVCS
AS
R AS
VAS
RVAS
CAS
RCAS
VCAS
Re s idual

1

2

1

2

1

1

2

1

2

1

2

1

2

1

2

1

2

1

2

1

2

1

2

1

2

l
2
1

2

· Sum of
Squares
1L1. , 81+ 5 • 2
173 . 2
4 99 . 0
31 . 8
6 , 586 . 6
225 . 5
7 .4
7.3
616 . 9
62 . 4
52 . 3
89 . 1
1 , 918 . 3
387 . 7
49 . 9
287 . 5

315 . 8
86 . 6
499 . 0
15 . 9
6 , 586 . 6
112 . 8
7 . Li3 .7
616 . 9
31 . 2
52. 3
41+- - 5
1 , 918 . 3
193 . 8
49 . 9
143 . 7

513 . 3
798 . 7
199 . 0
70 . 4
93 . 6
14 . 5
256 . 9
494 . 6
210 . 7
57 . 7
151 . 0
288 . 8
16 . 8
3 90 . 4
294 . 1

256 . 6
7 98 . 7
99 . 5
70 . 4
46. 8
14 . 5
128 . 4
494 . 6
105 . 3
57 . 7
75 . 5
288 . 8
8.4
3 90 . 4
147 . 1

o.o

l Analyzed by inverse s ine transformation .
Signifi cant (P 0 . 05 ) leve l of probability .
➔ :-

Mean
Square s

o.o

F
Te st s

31 . 3
58 . 4

➔}

1�

2.0
19 . 8

�f

1.1

9.9
0.4

o.o

8.0
1.5
0.1

4.7
0. 8

34. 4
2.6

➔f
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Appendix Table 16.

.Analysis of Variance

Experiment 66-10
Source or' Degrees of
Variation Freedom
Body We.ight

Bone Ash

Mortalityl

Sum of
Squares

Mean
Squares

Tests

Total

8

254 , 924. 0

31 , 865. 5

11 .4

Treatment

2-

217 ,7 54 . 6

113 , 877.3

40.9

Block

2

26 , 033. 2

13 , 016. 6

4.7

Error

4

11 ,13 6. 3

2 ,784.1

Total

8

325. 9

40 �7

Treatment

2

3 03 . 2

151. 6

Block

2

1.3

o.6

0.1

Error

4

21. 4

Total

8

l , 4/4l . 5

180. 2

2 .3

Treatment

2

671. 2

335. 6

4. 3

455. 5

2Z/.7

2. 9

318 . 8

78.7

-Block
Error

4

1Analyzed by inverse sine transformation.··
* Significant (P�0 . 05 ) level of probability.
** Significant (P�0 . 01) level of probability.

7. 6

*
**

*

28.J �-�-

- -
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· Appendix Table · 17 •
Analysis of Variance of Body Weight .
Experiment 66-11 .
Source of
Variation
Total

Degrees of
Freedom

Sum of
Squares

Mean
Squares

23

99 , 557 .1

Block (B)

2

881 . 6

Protein (P )

1

28 , 698 .7

28 , 698 .7

PB

2

3 , 268 . 2

1 , 634.1

5 , 848 . 2

5 , 848 . 2

11 ,795 . 4

5 , 8<:J? .7

11 ,357 .·9

11 , 357 . 9

j

DicaJ. (D)

1·

DB

2

Soybean (S )

1

SB

2

1 , 592 . 5

796 . 2

PD

1

14,762 . 8

14, 762 . 8

PDB

2

3 , 613 . 4

1 , 806 .7

PS

1

1 , 519 . 8

1 , 519 . 8

PSB

2

6 , 574 . 9

3 , 287 .4

DS

1

3 , 370 . 5

3 , 370 . 5

DSB

2

2 , 348 . 8

PDS

1

· - . !±�697 . 6

PDSB

2

1 , 574 .1

7'2f7 .o

-- -- - ·

1.5

F
Tests

1 .5

17 .6
1 .0
14 .3
8 .2
0 .5
1 .4

o.o

•
. .Appendix Table . 18. ·
Analysis of Variance of Bone Ash • .
EJq:>er:im�nt 66-11.

Source of
Variation

Degrees of
Freedom

Sum of
Squares

Mean
Squares

23

862. 4

37 . 5

Blo ck (B )

2

2. 0

1. 0

P rotein (P )

1

433. 9

433. 9

PB

2

5. 8

2. 9

Dica.l (D )

l

2 cn. 4

297 . 4

DB

2

14 .7

7. 4

Soybean (S)

1

0. 2

· 0. 2

SB

2

2. 4

1. 4

PD

1

43 . 4

43. 4

PDB

2

27 . 5

13.7

PS

1

5. 0

5. 0

PSB

2

8. 4

4. 2

DS

1

1. 5

1. 5

DSB

2

4. 8

2. 4

PDS

1

9.9

9. "9

PDSB

2

5. 5

2.8

Total

*
**

__,

Significant (P�0 . 05) level of probability .
Significant (P�0 . 01) level of probability.

F
Tests
J.

149. 6

**

40 . 5

*

0 .1

J .2

o .6
3.5
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Ap pendix Table 19.
AnaJ.ysis of Variance of Mortalityl .
E:xperime.n t 66-11.
Sum of ·
Squares

Mean
Squares

23

3, 945. 1

83. 9

Block (B )

2

23 .7

11. 9

Protein (P )

1

0. 3

0. 3

PB

2

.311. 1

155.5

Dical (D)

1

283 .7

28.3 .7

DB

2

446. 2·

22.3 .1

Soybean (S )

1

110. 5

110 . 5

SB

2

312. 2

156.1

PD

1

1 , 411. 6

1 , 411. 6

PDB

2

12. 3

6. 2

PS

1

104 . 3

104. 3

PSB

2

.340. 6

170. 3

DS

1

2. 5

2. 5

DSB

2

3 9. 5

19.7

PDS

1

114. 8

114. 8

PDSB

2

431. 8

215. 9

Source of
Variation
Total

Degrees of
Freedom

,.-

1Analyzed by inverse sine transformation .
** Significant (P�0 . 01) level of probability.

Tests.
· .·•··
_:...,.,,,.

J .·

o.o
1. 3
0.7
229. 5
o. 6
0. 1
0. 5

*i�
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· Appendix Table · 20 .
Analysis of Variance.
E:xperim�nt 67-1 .
Sum of
Squares

Mean
Squares

38

8 5 .1

2 , 23 8 . 6

11

44, 602 . 0

4 , 054.7

Blo ck

2

24 . 0

12. 0

Error

23

40 , 442 . 0

1 ,758 .3

Total

38

110 . 6

2.9

1.0

Treatment

11

43 . 8

4.0

1 .4

Blo ck

2

0 .7

0.3

Error

23

66 . 1

2 .9

Total

38

5 , 593 .1

147 .2

Treatment

11

3 , 483 . 1

316 . 6

Blo ck

2

38 .1

19. 0

- Error

23

2 , 071 .9

90 .1

Source of
variation
Body Weight Total
Treatment

Bone . Ash

Mortalityl

Degrees of
Freedom

1.Analyzed by inverse sine transformation .
* Significant (P�0.0 5 ) level of probability.
** _Significant (P�0 . 01) level of probability.

F
Tests
1 .3

,I

2.3

o.o

o .o

1 .6
0 .2

*
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.Appendix Table 21 �
Analysis of Variance o
Exper�ent 67-2.
Sum of ·
Squares

- Mean
Squares

F
Tests

14

· 16, 825. 0

1, 201. 8

. . 1. 0

Treatment

4

3,969. 5

992.4

0. 8

Block

2

3, 218.7

1, 609.3

1.3

Error

8

9, 636. 9

1, 204. 6

14

88. 6

6.3

1. 0

4

29· . o

7. 3

1.2

Block

2

10. 0

5. 0

o. 8

Error

8

49. 5

6. 2

Total

14

691 . 0

49. 4

1. 0

T!'eatment

4

128. 5 ' _

32.1

0.7

Block

2 ·

177.3

88. 6

1. 8

Error

8

385. 2

48. 2 .

Source of
Variation

Degrees of
Freedom

Body Weight Total

Bone Ash

Total
Treatment

Mortalityl

1

- - -- - - ·

-

.
.
Analyzed by inverse sine transformation.

,,I

